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Chapter 1 Solutions

Problem 1.3-1

Ibf

L=14ft qy=12— P =50bf My = 300Ibf ft
It
Eeactions
3
YF, = 0 B, = —P=30-Ibf
5
i . Aoy 4o BN -
bMWY, ool o Ml ol : 1 — ] e T = TI:
XMy =0 B, = =1 Mg S qﬂJLl ~ j_Pi} = 94 571-Ibf
YF. =0 B O e T
Ty T o () e yo oo

N,V and M at midspan of AB - LHFB is used below

Nnig = 0
2 1 9 L
s B = 8.429.1bf
. % I, 1‘11}1|1L'- i
My Mgy il o [t
1
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Problem 1.3-2

N
L =4m qy = 160— P =200-N My = 380N-m
m
Reactions
= )
XF, =0 B, = — P=-120N
a
1 (AN (EN 4 ¢ L
My =0 B,- —-|M,:j | =aq L= |- —-P-[L + —} _-38333.N
F ] 2.0 AR S 3
v fil.. ) 5 333N
TF, =0  Ay=|Tq |1 -~ P-By-198333N

M, WV and M at midspan of AB - LHFB is used below

Nypig =0
i b
_ qp L
Vid = A3 5 qGJ? = —41.667'N
L 1 Lif2 L)X ¥ 8af f1T)
Muid = Mo+ Ay -5\ 32) T2 2 5 TN
Check using EHFB
_ 3 } 1 90 L -
I"‘ulid = Bx—:-P=DN T"m.id = :T: —B}—E-?=—41.'ﬁl§£N
-1 90 L (1 L) L. 4 0L T )
}'[111.'-[& = 5 T? tE.EJ_B};E _E-P.LE _E, =510-N-m
2
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Problem 1.3-3

(a) APPLY LAWS OF STATICS

SF, =0 €, = 100 1b— 50 Ih = 50 Ib
. I
FBDofBC  SMp=0 G= o=(0)=0
|
Entire FBD XMy =0 B, = —-—(=100 Ib-ft) = =5 Ib
SF,=0 Ay=—By=5Ibft

Reactions are (A, =5Ib| [B,=—-5Ib| |[C,=3501b| |C, =0

ib) InTERMAL STRESS RESULTANTS N, VW anp M aTtx = 151t

Use FBD of segment from A tox = 15 fi
SF,=0 [N=1001b —501b=501b|

3F,=0 [V=A,=50b

IM=0 [M=A,150t=751b-fl]

3
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Problem 1.3-4

(al APPLY LAWS OF STATICS
SF, =0 Ac=0
FBD of AB  SMp=0 M,=0

1 1 2
Entire FBD EMe=10 D, = E[EDU N‘m — E(ED me}rim(;) 4 m} = —75.356N

|
ELE;=D C,= 3 (B0N/m)4m — D, = 235556 N

Reactions are A, =10 |G, =236N| [D,= —T756N|

(b) INTERNAL STRESS RESULTANTS N, V. anp M arx = 5m

3
Use FBD of segment from A to x = 5 m: ordinate on triangular load at x = 5 m is 1 (80 N/m) = 60 N/fm.

EF,=0 N,=—-A,=0
—1

F,=0 = —-[(80N/m + 60 N/m) 1 m] = —70N V=—70N| Upward

. l 2 1 ) q

TM =0 M= —My— —(80Nm)Im|Z1m)— Emo N/m)l m 3| m| = —36.667 N-m

(break trapezoidal load into two triangular loads in moment expression)

[M =—-367N-m] CW

(c) REPLACE ROLLER SUPPORT AT C WITH SPRING SUFPORT

Structure remains statically determinate so all results above in (a) and (b) are unchanged.

4
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Problem 1.3-5

{a) Stancs
FBD of AB (cut through beam at pin): ZMg =0 A, (—150 Ib-fi) = —151b

Entire FBD: ZMp=10

T lon

6 -m=|

2 0G0+~ '251hfmmn(mﬂ+ﬂ) + L s mn(m n+3mn)
10 ft Wiy L 3 i 3

5

— 150 Ib-ft — A, 30 ﬁ} = 104.333 Ib

4 1 —D,
2F, =0 Dy=—401b + —(5Ibfft + 251Ib/ft) 10 ft — A, — €, = —19.8331b so D, = Y _ 11451 1b

5 4 5 tan(60%)

3
SF=0 A= 401 — D, = 125491

A, = 12551b. A, = —151b,C, = 10431b, D, = 11.451b, D, = —19.83 1b |

{b) Use FBD oF AR oNLY; MOMENT AT PIN 15 ZERD

Fg. = —A; Fg,= —1255b  Fg= —A, Fg =15Ib |Resultanty = VFg? + Fg = 19.561b
{c] ADD ROTATIONAL SPRING AT A AND REMOVE ROLLER AT C; APPLY EQUATIONS OF STATICAL EQUILIBRIUM
Use FBD of BCD ZMp =0

1 |1 2 1 I 4
—[— (2.5 Ib/f) 10 ﬂ(i 10 ﬂ) + = (3 1b/ft) 10 fl(? 10 [1) + E-‘L{I b (15 ft) | = 32.3331b

YT 2002
—D;

——— = —|R6681b
tan{607)

500 D=

. 1 4
Use entire FBD 2F,=0 A, = 5{5 Ibfft + 2.5 Ib/ft) 10 ft + - (401b) — D, = 37.167 b

b
i
I

3
0 A, = _; (401by — D, = 426638 b

Use FBDofAE ZEZMp=10 My = 150 Ib-ft + A, 10 ft = 521.667 Ib-fi

S0 REACTIONS ARE |Al = 42.7 lb|

Ay =3721b] [My =5221b-fi| |D; = —18.67 Ib]

D, =323

RESULTANT FORCE IN FIN CONNECTION AT B

Fp.— —A, Fp,— —A, |Rcsullamg = VF? + Fp’ = 56.6 lh|

5
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Problem 1.3-6

(a) Stancs
E.’-‘_\,={1 R3y, =20N — 45N = -15N

1
' = — — ® 2 -
IM3=0 Ry =5—(0NX2m)=20N
SF,=0 Ry = —Rs, + 60N = 40N

(b) MEMBER FORCES IN MEMBERS |1 and 13

Number of unknowns: m =13 r=3 m+r=16
Number of equations: j= 8§ 2j=16 So statically determinate
e e e S 20N 45N A TrUSS ANALYSIS

@ - @ (1) 2Fy=0 atjoint4s0 Fjp=0

— 8 (2 ZFy=0 atjoint8soF;; =0
= (3) 2Fy =0 atjoint5soFy=—Rs = —20N
2 m (4) Cut vertically through 4, 11, 12, and I;
use left FBD: sum moments about joint 2
= - O ® Fuy =ﬁmsﬁ —Fy) so
E-m - K'l m o (5) Sum vertical forces at joint 3; Fy = — Ray

Fy=25N

Section cut for left FBD

(6) Sum vertical forces at joint 7 Frav=45N-Fo=20N |F|3 = V2Fj3y = 283N

6
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Problem 1.3-7

(a) STATICS
ZF, =10 A, =10
: |
EMys=0 E_v=ﬁ13kxlﬂfl+2k><2{1ﬂ+Ik><30fl}=5k
EF_‘.=D y=3k+2k+ 1k —E =1k

(b) MeMBER FORCE 1N MEMBER FE

Number of unknowns: m=11 r=3 m+r=14

Number of equations: =7 2j =14  So statically delerminate
Truss anaLysis

(1) Cut vertically through AB, GC, and GF; use left FBD; sum moments about C

1] 2

Fop (151 — Fop, 2000 = A (20 =200tk Frop,=Frp———— Fopy = Frp —/—

GiFx( GFy y J GFx GF ‘\Fm GFy GF m

AL(20 ft) 10
S0 FGF = - = 1854k and F(}F\' = FG;.'i = 1818k
15 fLL — 20 ﬂ# . 2+ 107
VEZ+ 12 T VR R
Vit + 32
(2) Sum horizontal forces at joint F Fre: = Fore= 1.818k Frg = TF;.-E,, = 1.898 k

Frp = L.BOB K

7
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Problem 1.3-8

{a) StaTics

ZF. =0 F.=0
IMp =0 D}.=ﬁ[3kN{ﬁm}|+6kN{3m}] — 6 kN
ZF, =0 F, =9kN + 6kN + 3kN — D, = 12kN
(b) MeEMBER FORCE IN MEMBER FE
MNumber of unknowns: m=1] r=3 m+r=14
Number of equations: i=7 2i=14 So statically determinate

Truss aNALYSIS
(1} Cut vertically through AB. &0, and GF: use lefi FBD: sum moments about D to get Fiop =0
(2) Sum horizental forces at joint F Frep,=—-F,. =0 50

8
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Problem 1.3-9

c=8ft P=20kp

inf 60deg) inf 40d
. SRR o ioasd p - 23R samg
sin( 80deg) sinf 80deg)
EMy = P-% — P-b-cos( 60deg) — 2P-b-sin(60deg) + B_c=0

P.b.cos(60deg) ~ 2P b sin(60deg) — P —
:

B, = = 19.137 kip
C

A —B}. =-19.137-kip

Joint A

Fpr = ———— =22.098kip
AL in(60des)

Fup = —Fac cos(60deg) — A =—11.049 kip

Joint B
-B..
F =— =-29772I
BC = in(40deg) ¥
Fpp = —Fgc-cos(40deg) = 22.807 Jap 5 e 2 . .
D= |b =+ [ ] = 2-b-—-cos(60deg) = 4.731-fi
\= k. £
. [ sm{60deg) c
ACD = asul( o) | =47.077-deg
\ cD 2
9
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Joint D

-P .
Fhe = =-20.922Jap
cos(90deg — 72.923deg)

a-sm(BCD) _
S S SRt A
sl ACTY)

10

180deg — 60deg — ACD = 72.923 .dez
. {5 ) e
BCD = asitl —"-? =32923.deg

ACD + BCD = 80-deg
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Problem 1.3-10

Geometry b =3m P = S0KN
w» ( b )
a = smf60deg).| ———— | =4.042m

\ sin(40deg) /

Lag = sin(80deg).| _—‘ =4.5%m
AB | s 40deg) ‘
B2 5 TB),
Lpg = |\ = .-l +Lap — %5 II"'.LAB]'COWSD&EEJ =4 06m
b b
Lps 2 Al B .
- = — - 50 DBA = asin -zinf 60deg) | = 18.662-deg
sin(60deg) s DBA) | Lpe
and CBD = 40deg — DBA = 21.338-deg ADB = 180deg — 60deg — DBA = 101.338-deg
CDB = 180deg — ADB = 75.662-deg
Reactions
¥F, =0 A = -2P+2P=0N
1 L . - s i .
IM, =0 B,=— —J-P-[ —5in(60deg) | — P-ib-cos{60deg)) + 2-P.(b-sm(60deg))| = 71.329. kN
: Frlaasl K2 ) d
YF, =0 Ay, = P-B =B671KN
Mad to find member forces
Joint A AD = ————— = -10.013-kN AB = -A_— AD-cos(60deg) = 5.006-kN
sinf G0deg)
. . 2.P-sini 60dez)
Jaint D - sum forces normal to & along line ADC DB = SRR 141372 N

cos(90deg — CDB)
DC = AD + 2-P-(cos(60deg)) — DB -cos{CDB) = 42 204.kN

: 1
Joint C CB = —————(-2.P + DC-cos(60deg)) = —181.319-kN
cos(40deg)

Joint B check —AB — DB-cos(DBA) — CB-cosi40deg) = 0N

DBE-sin(DBA) + CB-sin(40deg) — B, =0N

11
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Problem 1.3-11

Reactions c

gft P = 20kip

A =0 A, = ~19.137kip Bo=hl

AC: MoS - cut through AC and AD, use LHFB

Mo — B L.
EMp = 0 Ay = AC sin(60deg) > 0
AC = L = 22098 kip
sinf 60deg)
: sin{40deg) -
BD: MoS - cut through BC andf BD, use RHFB b=——""¢c=5222H
sif 80deg)
B_-(c —b-cos(60deg))

¥M~ =0 B, (c — b-cos(60deg)) — BD-(b-sin{60deg)) = 0 BD =— =22.807-k

c y ( s(60deg)) (b-sin(60deg)) b i 60deD) P

12
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Problem 1.3-12
Reactions b=3m P = B0KN

A -0 A = 867IKN B, = 71.329kN

AB: MoS - cut through AD and AB, use LHFB

b . b, b
Y¥Mp =0 AB-E-sm(ﬁﬂdeg] - AXE-sm{GDdeg) = A}.-E-cos(ﬁﬂdeg) =10

( b . b ;
—t ‘%L-E-%uu_ 60deg) — -\1: -cos(60deg) I|

AB = = - - = 5.006 kN
| = sin(60deg) |
f L
DC: MoS - cut through DC and CB, use upper FBD a= sin{-:'jl:)deg}-| # =4.042m
\ sin(40deg) /
DC, = DCcos(60deg) DCF = DC-sm(60deg)
IMp =0 —-DCy + 2-P)-(a-sin(40deg)) + (DCy, + P)-(a-cos(40deg)) = 0

—{-DC-cos{60deg) + 2-P)-(a-sm(40deg)) = (DC-sin{60deg) + P)-{a-cos(40deg)) =0

Collect and simplify, solve for DC

1.0-(80.0- kN -cos(40.0-deg) — 160.0-kN-sm(40.0-deg))
cos(60.0-deg)-sm(40.0-deg) + sin(60.0-deg)-cos(40.0-deg)

DC =

— 47 204-kN

13
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Problem 1.3-13

(a) FIND REACTIONS USING STATICS m=73 r=29 m+r=12 j=4 3ji=12
m+r=3j So truss is statically determinate
4 0 rag 0.8. Dep a
rap =\ —3 roa=10 fap = = |—0.6 Py=Feyg=| —06F roc=14 rop =
0 5 ragl 0 0 0
IM=10
C; B, 4C, + 3.0P
Mo=ros X Py +rocx| G| +rop*|B,|=]40F — 2B, 50 EM, =0 gives C,=
e, B. 28, —AC,
EM, =0 gives |B.=
EF=10
a, 8, C, B, +C.+0,+ 08P —=
Rg=Py + I EB | G| =] 8+ G +0,+—=06P 50 ZM. =10 gives |0, = TP
Q. B. - 0, + :_P

METHOD OF JOINTS Joim O EF, =10 Q. =10 ZF,=0 0,=0
Joint B ZF,=0 B, =0
Joit€ SF,=0 €, =0
For entire structure  XF, =0 gives |B, = —08P ZF,=0 C,=06P— B, =0, C,=06P

(b) Force v MEMBER AC

ZF. =0 atjoint C Fac=

V1 52, ERVATRI 3V41 , 3vVa
f|€;‘| = T F;ﬁ_" = 20 P lension 20

14
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Problem 1.3-14

(a) FiND REACTIONS USING STATICS M = 4 r==%8 m+r=12 j=4 3j=12

m+r=3j s0 truss is statically determinate
] L 0 A, 1] O, 0,
Foa = 0 Fop = 0 For = 0.6L F,g_ ' A_w- Fg = .B_\. E = —=2P Ft) = O}.
0.8L 0 0 P B. 0 0,
EM =0
Resultant moment at O
—0.84,L
J'l‘fD= ra"XFA + FGHXFE + rOCXFC = (}SAIL = B:L X0 z ;l"='D gi\-'es A1=G
B,L —06C.L
EF=10
Resultant force at O
A+ C. + 0,
Ro=Fog+Fs+Fp+Fr=|Ay+ By + Oy — 1P
ra e it e S
METHOD OF JOINTS Joint @ ZF.=0 a.=10
B,
so from ZF.=0 |B.=-P| and ZM,=0 AI=O—‘S= —1.25P

JointB  EF,=0 [B, =0
Joint€  XF, =0 C,=0

(b) Force v MEMBER AB

VosLyY + 12 V(OSLY + I?

EF.=0 atjoilB Fypy=——+——B| |B|]=|P] ————= 1601

O.8L
Fap = 1601 P tension

15
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Problem 1.3-15

(a) FIND REACTIONS USING STATICS m=73 r==6 m+r=49 j=3 3j=9

m+r=3j So truss is statically determinate

3L 0 0 -2P B, C.
g = 0 Fop = 4L roc = 2L FA = A_‘- Fj] = B:'. Fr= C_\.
0 0 4L A 3P P

EJ‘l‘f = 0
Resultant moment at O

I4LFP — 4C_1.L 14
MG=FOAXFA+ "—GEXFB-I' "'U{"XFC= 4C1L—3A:L S0 EMI=U gi‘:-'CS C"=TP
3AL — 4B L — 2GC,L
ZF=10
Resultant force at

B . +¢C —2P
Rg=Fy + Fg+Fec=| A+ B, + G 50 ZF. =0 gives A, = —4.0P
A, +4P

METHOD OF JOINTS

2 3
Joint A EF: = FAI_'_'; = _AE. =40pP S0 F.-l{'_\' = IE“C:' =20P ‘E:-il'__.\‘ = EF‘.-.[: =30P

. 4 8P
3F=0 Fppe——2P—Fse, = —30P—2P 50 Fyp = oFyg — —40P ——

3
8P
IF=0 A= ~(Fipy+ Fpq) =5 + 40P+ —20P [A,=467P

(b) ForcEe 8 MEMBER AB

= 25P 25
P= = 3 8.33

|I : ¥
Fap= VFEup + an:‘:_ Fin= —1\;5' + (—)

Fip = —833P| compression

16
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Problem 1.3-16

(a) FIND REACTIONS USING STATICS m=3 r==6 m+r=9 j=3 3j=9
m+r=3j 50 truss is statically determinate
L=2m P=5kN
3L 0 0 A, B, C,
roa=1] 0 rop = roc=1 0 Fy= A_‘. Fp=1]0 Fe= C_\.
0 2L 4L A, P —P
XF =10
AJ.' + B.'K + C‘,‘l
Resultant force at O Ro=Fy+ Fp+ Fp= Ay + G S0 ZF.=0 gives A.=0
A,
RESULTANT MOMENT AT A
-3L —0.6 =3L
|
nc=| 0 € = £~ o ng=| 4L
4L Iracl 0.8 A7
"40-EN-m - B'Cv'm \
) 24
My=rgpXFp+ rycX Fe= 4B;m+8-fxm Mpeyc=— 648, -240kN so (B, = = kKN = —3.75kN
-$Bym- 6Cym
{b) Force ix MEMBER AB
i : . V29
Method of joints at B EF, =0 Fapg,=—-By |Fyp= 3 Fap. = 6.73 kN
17
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Problem 1.3-17

(a) APPLY LAWS OF STATICS Ly =30 in. I =20in. T = 21000 Ib-in. 77 = 10000 Ib-in.
IM,=0 |[Ty=T — T, = 11,000 Ib-in.]

(b) INTERMAL STRESS RESULTANT T AT TWO LOCATIONS
Cut shaft at midpoint between A and B at x = L)/2 EM, =10
(use left FED)
Cut shaft at midpoint between Band Cal x = L + L2 EM. =10 |Tm‘ = T; = 10,000 Ib—in_|
{use right FBLY)

Tag = —T4 = —11,000 Ib-in. |

7

18

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Mechanics of Materials Enhanced Edition 9th Goodno


https://textbooktestbanks.com/products/9780357377840-solutions

Problem 1.3-18

{a) Reacmion TorQuE AT A Ly =075m Lr=035m I = 3100 N-m/m Ty = 1100 N-m

Statics EM =0 Ty=—hLj+To=—1225Nm [Ty = —1225N-m
(b) INTERNAL TORSIONAL MOMENTS AT TWO LOCATIONS
L
Cut shaft between A and B Tix)= =Ty — nx TF(TI) = 62.5N-m
(use left FBD) =
. 5 Ly
Cut shaft between B and C Tx) = =Ty — L I\ Ly +— | = —10ON-m

{use left FBD)

19
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Problem 1.3-19

{a) StaTics

TP =0  A,=— (90121t = —5401b
SFy=0 A, +C =0

500 1b-ft
SMipopc =0 G = —g— =5561b

Ay

~C, = —5561b

2
EMy =0 M4 = 500 Ib-ft + E (90 b/ 12 (?IE H) — €y 9 ft = 4320 Ib-fit
{h) INTERNAL STRESS RESULTANTS

N=-4,=5561b

N
K*\M
v
V= —A, — (=001 )3t = 506 b r
B AR \
{3 I \| Blx=31

M——Mﬁ—msn——c—mnﬁ03ﬂtﬂn)=—ﬂﬂmm \

B\ 12 3 A

20
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Problem 1.3-20

(a) Stamcs

3 1
SF,=0  A,=3Q00N) + (80 Nm)4m = 280 N

1 |4 l 1
EMppur =0 D, = oy l; (200 N)(1.5m) + ?{30 Nim) 4 m(;d m)]

= |51.1 N = use right hand FBD (BCD only)
. 4
IF, =0 A, = —-D, +E:2{}0Nj = 889N

4 3 1 2
ZIMy=10 M, =EQDGNJI[].5 m) — %[200 N)yidm) —D,3m — EiSDNImjdm(?-i m) = —1120N-m

(h) RESULTANT FORCE IN PIN AT B Fp
LerT HanD FBD (SEE FIGURE)

Fge= —A, = —280N  Fg, = —A, = —88IN e

¥
Rigut Hanp FBD

3 1
Fg, = ;I{EII)NJ F ;[EﬂN}'m}dm = 280N

R

Resultanty = V' Fp” + Fp,? = 280N

4m
4
Fp, =—(200N) — D, = B89N

Left hand FBD

21

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Mechanics of Materials Enhanced Edition 9th Goodno


https://textbooktestbanks.com/products/9780357377840-solutions

Problem 1.3-21

L = 14ft dy = 13% P = 501bf M, = 3001bf -

S 1 L 4. L 3 1 2L _
YMp = -M, + E-QDI_ o 5-?-:_ + 5PL— > gL ” ~AL=0
1 L. % _ L 1 5,5 2

M, +=q,L=-=P—=+>PL-=q,L
Sl i I e T 2 3
A, = = —39 429.1bf
L
_ 1 A )
D, = Ay + E-qa-]_ g 163.429 1bf
-1 3 )
DJ{ = T-qo I_ + ; =—Z‘I'+-l1_'rf
o 1L o tbf N
‘*mjdAB = :\.\ R —60.429-1 Meey = 0
L
I A% % -
NIL‘D.‘[EI.."LB = T‘w‘]:ﬂ - :"L}: —?TT? =—25.1bf-ft
22
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Problem 1.3-22

L=4m g4 =160— P = 200N Mg = 380-N-m
m
Reactions
YF, = 0 A, = 2{=P|-=.qpL - 80N
! s
N E 4L 4 FE ] L]
IM, =0 D, = —{My+—P=+—P -—-qgL|{ = || =308333N
‘ ET o a3 \3 )
v (25)
YF, =0 A, =-D_+2/—P|=11.66TN
¥ %3 ¥ '._:. J

Column BD intemal forces and moment at mid-height - cut through column. use lower FBD (D on your left)

(
|\

h

-1 90 L
oy =—80N Muid =

0 L1
"5

2 2]\

_:||—|

h
/

=-53.333-N-m

Npig = ~Dy=-308333N Vimd =

)

I-.l||--

'uln—-
1 |

- 5

23
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Problem 1.3-23

4
5 : s 3
LBC = = =26.833-1n L_g‘_c- = —
L E] 5
N
Part (a) - statics
) 1 13 : 3 >
M, =0 C, = ——| 2001b— = 30in | = 601bf
&y ]—‘:’LC' 5\ LD i
YF, =0 A =-C_=30Ibf
EF_‘_ =0 JH = 2001b — C__\.= 140 Ibf

Part {b] - internal stress resultants N, V, M

409111 , 6.66?-;—13
30in mn

distributed weight of door in -y dir. w o=

components of w along and perpendicular to door

W =-'I-;—b

A, =-233331bf

4 3
o-(20in) ——-A_+ —-A_=-20Ibf
2 >

s

.. - - 3 P .
M, = —wp-l'\EDm,l- — —-A,(20m) + — A (20} = 400-1b-1n
: 5 5 ¢

|1~JK =-2331bf ‘ |Vx = —201bf ‘ ‘:ux = 33.3-lb-ﬂ|

24

. 1 .

.-l
Cy = —-Cy=—301bf

(resultant of C, and Cy acts along line of
strut)

M, =33.333 Ib-fr
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Problem 1.3-24

(a) Stancs

M, =0
1 -
10 kKN(6 m) — 10 m(ﬁ)(smm + 90 kN'm + E(6m) — E;3m = 6E,m — 3Em + 150 kN-m — 30 VZkN'm
so  6Em — 3Em + 150kN-m — 30 VZkN'm = 0 IC"
—(150 kN-m — 30 VZ kN-m) - :
or —E +2E,= o 35858 kN [0y €4
: Im C
ZM s = 0 < right hand FBD (CDE) - see higure.
—90 kN- im
(E,+E)3m=—90kN-m E +E— T’“ — —30kN |
D 3m E
_ E_r) (—1 z)'l( —35.858 kN) ( —8.05 ) Y ]
e (Ey L ~30kN ~21.95 wlib
99 kN-m

[E.= —805kN| [E, = —22kN|
l
0 Ay=—E + I0KN — leN(—) — 10.98 kN A, = 1098 kN
V2
|
IF,=0 Ay= —E,+ I0kN (ﬁ) — 29.07 kN A, = 29.1 kN

(b) Ricut Hanp FBD Co=—E =805kN C,=—E,=22kN

b
wl
I

Resultant- = V€2 + G2 = 23.4kN

25
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Problem 1.3-25

(a) Starmics
ZF, =10 E. =0

. 1
EMg=10 A, =—(—5001b x2.5ft) = —1250 Ib
: 1 ft

E, =5001b — A, = 1750 Ib

EF_,, =10
(b} Use urrer (SEE AGURE BELOW) oR LowER FBD 1o FIND STRESS RESULTANTS NV, V, aAnD M a7 H
D E ZF. =0 V=E, + 500 1b = 5001b
ZF, =0 N=E =17501b
EMH =10

500 I M=—-06ft(5001b) — E;1.40 + E05f = 575 Ib-fi

26
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Problem 1.3-26

{a) StaTics

: 4
ZF. =10 A, = EM{]{} N} = 320N A, =320N
Use left hand FBD (cut through pin just left of C)

I =3 4
EMe=10 Ay, = —HTH-D{J N) — EHU‘D N}-|l[3 m}] =—240N A, = —240N

Tm I
: 1 _ 3 1
Use entire FBD IM-=10 E,.=q—[»1¢.[?m] + (?4001\]):3 m}|= —192 N E,= —192N
ST : ] ;
3
ZF,=0 Co=—Ap— E;— ;[40[] Nj= 192N C, = 192N
3
{b) N. V, ann M just RiGHT oF C: USE RIGHT HAND FBD F plex = 400 ’\I(—) = 312348 N
= Vs

4
Featley = = Featlex = 249.878 N

|NI = —Foblex = —312N|
|V= _Fcablc:l' = 'E_v = _5?";N|

M= (Fapey + E,)(5m) =

{c) RESULTANT FORCE IN PIN JUST LEFT OF C; USE LEFT HAND FBD Ar=320N
4 3 3 4
Fre=—A, + 575 400N = —240N Foy = —A, — ?+? 400N = —320N

Resc = VFe” + Fo,t = 400N

27

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Mechanics of Materials Enhanced Edition 9th Goodno


https://textbooktestbanks.com/products/9780357377840-solutions

Problem 1.3-27

(a) Stammcs W= 1501b

2V3 75V3
My =0 B.(4)+ W(T) = Dsolve. B, = — 5
75V3
s0 B,=——— = —64952

EF, =0  —Asin(30°) + B, + Tcos(30°) + Tcos (arclan(

)

7
ZF, =0 Acos(30%) + Tsin(30%) + Tsin aﬂ:lan( =W

2 ‘u’i
SUPPORT REACTIONS

A =517 Units = Ibs
A, = —Asin(30°) = —2891b A, = Acos(30°) = 50 Ib
VAL + A2 = 51713

2V3

7
cos(307)  sin(30%) + sin(arcmn )

23

7
(A —sin(30”) cos(30%) + -.,m.(.irclan )

A 57.713
(T) B (?I.634) o

(b) CasLE FOrCE 15 T (LES) FROM ABOVE SOLUTION

T=17l6lb

28
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Problem 1.3-28

(a) Stamics

RiGHT-HAND FBD

1 |1 1
My =0 E=—|—CGkNm4m|—4m]|=1333kN E, = 1333kN
g ¥ &6ml2 3 :
Entine FBD
" ik | 2 1
ZMy =0 C_\. = al —E_\.Iﬁm + (l6kN)d4m + (1.5kNm)6 m(3m) — 5[3 kEN/m)4 m 54m J = 0.833 kN
C, = 9.83kN
BF,=0 A,=-C,— E, + (1.5kN/m)6m = —2.167 kN A, = —217kN

|
SF=0 A= —I6KN + S KN/m) 4m = —10kN A, = —10kN

(b} RESULTANT FORCE IN PIN] USE EITHER RIGHT HAND OR LEFT HAND FBD {CUT THROUGH PIN EXPOSING PIN FORCES Fpy
AND Fpp ) THEN 5UM FORCES IN X AND ¥V DIRECTIONS FOR EITHER FBD

LHFB: RHFB:
|
Fp,= —16kN — A, = —6kN Fp,= 5 (GKN/m)4m = 6 kN
Fp,= —A, + (1L5kN/m)6 m = 11.167 kN Fpy=—C, — E, = —11.167 kN
Resultantp = V Fpi + Fpy = 12.68 kN [Resultantp = 12.68 kN]|
29
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Problem 1.3-29

(a) Stamics Pr=501Ib P;=401b
IF,=0  0,= —Pcos(15) = —4831b 3F,=0 0,=P,=400b
EF.=0 0. = Pysin(15°) = 12.94 1b
SM, =0 Mg, = Ps6in. + Pysin(15°)(7in.) = 331 Ib-in.
IMy =0 Mg, = Pysin(15°)(8in. sin(15) + Pycos(15°)(6 in. + 8 in. cos(15%)
Mg, = 690 Ib-in.
IM.=0 Mg, = Pycos(15%)(7 in.) = 338 Ib-in.
(b) INTERNAL STRESS RESULTANTS AT MIDPOINT OF OA

N=-0,= -401b

V.= —0,=4831b V.=—-0.=—12941b Vv=VvV+ V=500

T= Mg, = —690 Ib-in.

M, = —Mgp, = —330591b-in. M.= —Mgy. = —33807Ib-in. M= VM + M?>=473 Ib-in.
30
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Problem 1.3-30

Forces
P.=60N P.=—-45N M, =120 N'm gp = 75 Nfm

Py 60 0
Fr=10|= 0 |N Ry=| A,
P —45 A,
VECTOR aLoNG MEMBER CD
15— 25 —1 —0.436
_ L _ _TEC _
me=| 2—=0 |=|2 Irec|= 2291  ege=—"==| 0873
0—(-05| |os ree]  \ 0218

{a) STATICS (FORCE AND MOMENT EQUILIBRIUM)

0 0 P, D,

£ 1

ZF=10 Adl+j 0]+ O] +|Dy]=0 resultant of triangular load: Ry = EQU(E my=T5N
Ay R, P D,
D,

where D, | = Dege
D

SOLVING ABOVE THREE EQUATIONS!

EF, =0 Dy =—P; s0 D= D= 1374TIN D.=—60N

14
)
I
=]
&
I
o
Q
S

|D_,..=I2C1N| |A,,.=—D,,= —]2{]N|

BF.=0 D, = egc, D D.=30N VDI + D+ D = 137477 N
s A= —D.— Ry~ P,

EMA =0
My, P, 0 0
Myy | + map XD +rgcX| 0 |+ | M| +r,X]| 0 ]=0
My, P, 0 Ry
25-10 D, —60 60
rne=| 0-0 |m D=|D, D=| 120N |[D|=137477TN ryexD=|—45|Nm
-05-10 D, 30 300
0
1.5—-0 P, —90 . 0 100
ne=|2-0 |m acx|o|=| 675 |1 feg = §(2 m) rex| 0 ]=] 0 |Nm
0-0 P —-120 i 0 Ry 0
My, P, 0 0 -70 My, -70
My | == rae XD+ racX| 0 | +| My | +rox| 0 |[=]—1425|N-m My, | = —1425 |[N-m
M. P. 0 Rt —180 My, —180
31
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() RESULTANTS AT MID-HEIGHT OF AR (sEE FBD v FIGURE BELOW)

|
_ E%qzmﬂ =4125N [V=V. = 413N

[N = -4, = 120N] Vo=—-D,— P,=0N V.= -4,

1 1
|T= —My, = 142.5 N-m| M,=—My + A.(1m)+ ;%l m(gl m) = 1625 N-m

M.= —M,. = 180 N-m .
\/ M
Meaitiay = VM2 + M2 = 180732 N'm :

= 180.7 N—m|

’Mrrtsu]iam

32
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Problem 1.3-31

POSITION AND UNIT YECTORS

10 5 10 00— 10 —10 i —0.505

Fap — 0 Fap = 0 Fae = 4 ep = 10 — 4 3= 6 L:0nl s — 0.303
0 0 —4 —20 — (—4) ~16 Ireol -\ _o 508

0— 10 —10 " —0.566

APPLIED FORCE AND MOMENT rcg = 5 —4 =] 4 ecp =— = 0226
10 — (—4) 14 reel  \ p703

P,=—501b M, = —20 Ib-in.

STATICS  FORCE AND MOMENT EQUILIBRIUM

First sum moment about point A

}-:MA =0
0 0 M, —2.0203 T + 40762 T — 200
My=| 0 |+rpx|Py|+]| 0 |+ racx(Tpecn + Teec) = 10.102 Tp + —5.6614 Tg
M. 0 0 My, + 5.0508 Tp + 4.5291 T — 250.0
Solve moment equilibrium equations for moments about x and v axes (o gel cable tension forces
(TD) B (—2.0203 4.{}?52)" 20) 3 (3.&j)lb &
Tg 10,102 —5.6614 1] 6.79
NMext, solve moment equilibrium equation about £ axis now that cable forces are known
M. = —(5.0508Tp + 4.5291 Tg — 250.0) = 200 Ib-in. (a)
Finally, use force equilibrium to find reaction forces at point A
A, ] 577
2F=0 A_‘. s P}. —(Tpecp + Tpecp) = | 41.31 Ih
A 0 —2.31

33
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Problem 1.3-32

Find member lengths Log = 2(365m)=73m  Lgg-= J(:A-lm)" +(244m — 122m)" = 2.728m Lpqg = Lgsg

Assume that soccer goal is supported only at points C, H and D (see reaction force components at each loaction in fig.)

Statics - sum moment about each axis and forces in each axis direction F = 200N

EMx — B to find reaction component H)r

Find moments about x due to for component Fy and also for distributed weight of each frame component

¥ il
(1.22m)” (. N (244m)” (N
Mygp = 7,{ B ] Mipr = Mygp Mypq = f( 39;] Mycs = Mypg
e Y 1.22m’ [ 70 B
M, g = LR5{ 39;]-[' 122m+ — ] Mypq = Myrs Myqs = Los| 19;]-&2.44111)
. . 2 _

1 [4_(244m
B =5 {—,F-[ . ] +2:Mygp + 2Mypg + 2 Mypg + I\IKQS} -498818N  [H,=499N
2Mm [ 5L

EM‘_ - 0 tofind reaction force D,

£ a0 A\
M.cm = 24m- ?3—]-1 . Mopp=12m 39—J-L N 2_44111-[29—]-1 ;
op = 24m{ B Los My = 122m{27 [ 1os  Mypg o/ Tes
\ L L
N ~ Los N Los
Mypq = LRS-[ %— j-LQS Mypg = LQS-[ B— ]T Myos = LQS-[ B—|—

1 Los 3 _(244m
D, = —-|:MFGD +Mygp + Mypg + Mypg + Mypg + Mygs ~Hy—— - E-F-{ - ﬂ = 466208 N [D, =466 N

Las )

IM, =0 Io find reaction force Hy
== ! riFL }—3"0’\1 =320N
H." B 165m L 5 QS'. e

¥F, = 0 lofind reactionforce C, |C, = :T;-F- 120

4
LT}_ = 0 1o find reaction force ':, a.'_*‘.._ - =H,_ = F==160N

YF, = 0 1o find reaction force C,

Ez--DZ-Hz»«.f_:n— :u::m:u—:-4:44::11—21.“5-1.&5]-:'73—][:-4:4-:::1}—1.%_!-

L.r
m 'I - )
o]

34
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Problem 1.3-33

10 ., Analysis pertains to this
o= e e 11.537 position of exerciser only

Stamics UFBD (cuT AT AXIAL AND MOMENT RELEASES JUST ABOVE B)
Inclined vertical component of reaction al C = 0 (due to axial release)
Sum moments aboul moment release to gel inclined normal reaction at ©
200b(34 in. + 16in.)
C= :
34 in.

=294121b  [€, = Ccos(a) = 288 Ib|

[C, = Csin(a) =5881b] V7 + G =294121b

Stamics  LFBD (CUT THROUGH AXIAL AND MOMENT RELEASES)

Sum moments to find reaction A, 175 1b(16in.)
g v = . : =5721b
- (34in. + I6in.)cos{a)
STATICS  SUM FORCES FOR ENTIRE FBD To FIND REACTION AT B
Sum forces in x-direction: B, = C; + 175Ib(sin{e)) — 201b{cos(ex)) = 44.21b < acts leftward

Sum forces in v-direction: B, = —A, — C, + 175 Ib(cos(ee)) + 20 Ib{sin(e)) = 1124 b
B, =442 1b B,=11241b

Resultant reaction force at B: B=" Ef + B}.I = 1208 Ib

35
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Problem 1.3-34

(a) REACTIONS: SUM MOMENTS ABOUT REAR HUB TO FIND VERTICAL REACTION AT FRONT HUB [FIG. 1)

EMB =0
Vi = i [670(241) — 90(cos(5°)) 254 + 200cos(15°)660 + 2(45)cos(30°) 1021 + 2(45)sin(307)752]

Ve = 335045 N

Sum forces to get force components al rear hub

EF =20 Vg = 670 — 90cos(5") + 200cos(15") + 2(45)cos(30") — Vi = 515.525 N
EFn =0 Hp = —90sin(3") — 200sin(15%) — 2{45)sin(30") = —104.608 N
45 N at 30° 1o vertical V= 336N
¥, 6T0N on each grip L-'"\ Hp= —1046N
l 1021 mm Vg = SI6N

— =4

752 mm
Origin at
B nom

200 N at 15" to vertical

454 i 660 mm

1130 mm

(b) Stress resurTanTs N, V avp M v seaT posT (Fig. 2)

SEAT POST RESULTANTS (F1G. 2)

N = —670cos(15.3") = —646.252 N N=—646 N
V = 670sin(15.3%) = 176.795 N V=176.8N
M = 670sin(15.3%) 254 = 44.905.916 N-mm
M=449N-m
36
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Problem 1.4-1

PagT (a)

Py =17001b dip= 1.25in. fag = 0.5 in.

dpe=225in.  Ige=0375in.

il bl
ar| dag” — (dap — 21ag)]
4

Ayp =

oo B -PI_
A= LIT8iIn" oap = —
Aan

orap = 1443 psi compression

Pawt (C)
P| + P3
Po=2260 —~= Azp
AR
P+ P
= 2,744
TAR
(dpe — 2Upe)l™ = dpe = o

Pawt (b)

_ aldgc — (dpc — 20gc)’]
4

Ape

Apc=22091in2 Py = oupdec— P
P;= 14881bs <
P+ Pa

CHECK: — = 1443 psi
Apc

|r 7 4/ P+ Py
i i TS

[ 2 4P+ P,
dpe —\{ffyc S o——
TN Oap

2

fﬂ{‘ =

tgr = 0499 in. <

37
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Problem 1.4-2

Py = 10KN Pg = 20KN

dl = S0mm d: = Glmm dj = 55mm de = G5nun

L, = 400mm Ll = 300mm 61 = 329mm fy = 1.25mm

1 h 3 I i)
A =—mldy - dl'J = 863.938 mm"™
3 A2

1 h 3 3 ¥
A, = E-Tr-',__ dig " dE_J =942 478 mm"~

a) axial normal stresses

P PL—-P
B B A
Oy == 23.15-MPa T, = — = 10.61-MP3
;—11 - A:
b) axial nommal strains
8, — 8, E
1 2 = 2 -
£y = =68 x 10 3 g4 = — =3125x 10 3
L - Db
38
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Problem 1.4-3

]

s B Y 3ki .
o, Tp=ﬂ_iﬁfr-k-',1

A= (15 o =

L
|
—
LN
B
|
I
B
= i
Il
L]
L
=
B
E 3
]

39
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Problem 1.4-4
P=T70N A, = 1.075 mm?
L = 460 mm 6 =0.214 mm

Statics: sum moments about A to get T = 2P

Il

I
o=— o = 130.2 MPa «—

A

.~:=% e=465X107% <«

40
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Problem 1.4-5

T=451bs  Apat = 0.625in’
Acape = 0.00167 in2

(a) CANTILEVER BRAKES—BRAKING FORCE
Ry and PAD PRESSURE

StaTics  suM FORCES AT D 1O GET T, = TV2
SMy=0

RH»{I )= Tﬂcﬂ{jj + TD!’._T:- l }s
Toen = Toow Tpepr, =T12
Ry=2T  Ry=901lbs <

so Rg = 2T versus 4.25T for V-brakes (next)

Oeable = 26946 psi €—  (same for

V-brakes (below))
(b} V-BRAKES—BRAKING FORCE Rg AND PAD PRESSURE
EMA =0 Ry=425T Rp = 191.3 Ibs =

Ry

Tpad = E Tpad = 306 psi <

41
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Problem 1.4-6

L = 420 mm dy = 60 mm dy=35mm &, =470(107%) o, =48 MPa

Papr (a)

A= %a‘f = 2.827 % 10 'm? Ay = ;(df - d.z) = 1.865 % 10 *m?

Ap .
= 8= 3.101 < 1074
Part (b)

L 2L L 2L
8 = g, 3 + £, N = 0.1526 mm &y = 0.066 mm I 0.087 mm
ParT (c)
Pronsh = 0.4, = 895335 kN Priaws = oA, = 135 71T EN < lesser value controls
|Pras = Penaxhh = 89.5 kN]|
42

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Mechanics of Materials Enhanced Edition 9th Goodno


https://textbooktestbanks.com/products/9780357377840-solutions

Problem 1.4-7

P = 3500 kips

.r'#.

A

1 ; :
(24 + 20)(20 + 16 + 8) — (;33) — 20% — %ma

4

1425.46 in.2

(a) AVERAGE COMPRESSIVE STRESS

£
A

(b} CenTROID

(24 + 20) 1 (8 .
(24 + 207 ———— — (20°) (24 + 10) - 533 (5) (Emf)qs + 5)
A - A
x, = 19.56 in.
. il—'t— + EDJ AT " E I 7 E w 7
(24 + 207 ———— — (20°)(24 + 10) — 5 8 (—) (Im ):& +5)
.r'#.

ve = 19.56 in.

" x. and v are the same as expected due to symmetry about a diagonal

43
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Problem 1.4-8

W=130kN a=30° A=490mm’ o, = 150 MPa

PagT (a)
Wsinie)
omp=———=132.7MPa
A
Parr (b)

- . (uﬁﬂ) e
Gy, = arcsin| — o | = 34,

44
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Problem 1.4-9

dy =30(107)in.  dy=35(10%)in. A= %df = 7.069 X 10~* in2

W =281Ib Ay = ; 2 =9.621 % 1074 in?
o =22° B = 40°
() FIND NORMAL STRESS IN WIRES
w T3 .
T, = = 20.403 Ib oy = — = 30.6 ksi
cos(fB) - . 7
3 + ad
st} sin(ee) + sin{g)
cos(B) T :
T/ =T = 24293 1b o1 =— = 344 ksi
cos(a) A
(b} Finvp NEW d 5.7. NORMAL STRESSES IN WIRES IS THE SAME
T . f4
Al pew = — = 7.949 % 10~*in.2 Bew = \| TA1new = 318 X 107%in.| or 318 mils
[i5] w
T ;
Flnew — 11'—-7 = 30.6 ksi
Idlmw_

{c) Now. Lo stabilize the camera for windy outdoor conditions, a third wire is added (see figure b); assume the 3 wires
meet at a common point (coordinates = (0, 0, 0} above the camera at the instant shown in figure b): wire 1 is attached
to a supporl al coordinates (75", 48, 70'): wire 2 is supporled al (—70', 55°, 80'); and wire 3 is supported al
(— 10", —&5', 75'); assume that all three wires have diameter of 30 mils. Find tensile stresses in wires 1 to 3.

d=30(107%) in. A% ? = 7.069 x 10~*in?

75 —T70 —10 0
Position vectors from camera r) = | 48 | fl n=| 5 |i rm=| -8 |h W=28|0|Ib
to each support 70 &0 75 1
L = |n| = 113.265 Ly = |rs| = 119.687 Ly = |rs| = 113.798
r 0.662 r —0.585 r —0.088
Unit vectors along wires 1 to 3 ¢ = L —| 042 & = =2 = (.46 ey = e 1y %
nl \oes Ira 0.668 I 0.659
1 0 0
T]_=F1E‘J T1=FEE‘:|_ T3=F3f‘3 i=1|0 j= 1 k=10
0 0 |

Equilibrium of forces N+hH+hKZ=W
0.662 —0.585 —0.088
=g T=g TH=e T=|0424 046 —0.747
0.618 0.668  0.659

13.854
1 Fy . F3 : L .
F=T"W=]13277]1b o] = I = 19.6 ksi oy = T = 1R.78 ksi o3 = I = 22.7 ksi

16.028
oy = 19.6 ksi o3 = 18.78 ksi oy = 22.7 ksi
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Problem 1.4-10

F=190kN

A = area of one shore

A = (150 mm){ 150 mm)
= 22.500 mm’
=0.0225 m*

SUMMATION OF MOMENTS ABOUT POINT A
‘EMA =) F=

—F15m)+ Cy(4.0m) + Cy(05m) =0
or

— (190 KN} 1.5 m) + C(sin 307)(4.0 m)
+ Clcos 30")0.5m) =10

L C=117.14 kN
= compressive force in wood shore COMPRESSIVE STRESS IN THE SHORES
Oy = horizontal component of C C 117.14kN
Cy = vertical component of C o 0.0225 m?
= C cos 307 =53 MPa —
Oy = C sin 307
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Problem 1.4-11

W. = 1501b
A, =0.017in?

Wr = 60
5= 0.01
d. = 18
dr=14
=) %
L=16

L.=VL+ H

2TL = W + Wrdy

E‘Mlﬁngc, =0
s W.d. + Wyrdy
=Ter
L
T;! = FT1

T, = 110.6251b

Ty = 147.5

47

() T=VT12+72 T=184Db
Teable = eahle = 108 ksi

(b) egpe = Ecabte = D X 10~

J_"‘|mn:=.|___]

—

—
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Problem 1.4-12

M, = 68 @ T=VTE+T, T=819N <

T » 2 T
Mr=2Tkg  g=9.8lmis Ceble === e = T45MPa

W.=Mg  Wrp=Mg 5

W.=667.08  Wy=264.87 ®) Eabte =7~ i = 492X 107
¢ — Bof. r= <o c

N= Icg*mfs2

A= 11.0mm> &=025

d. =460  dr=350
H=305 L=406
L.=VI+ H L. = 507.8 mm

EMhing: =0 2T = Wod. + Wedy

W.d, + Wyd
T, = ‘T” T, = 492.071 N

Ty=—7T, T,=655019N

48
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Problem 1.4-13

CABLE LENGTHS (FT)

— 22 Z 2 - — P 2z — — 2 —
= W5 +5 +7 Lp=995 =W5 +17 + 72 Ly = 11.041 Iy = V?‘I+? [ =989
(a) SOLUTION FOR CABLE FORCES USING STATICS (THREE EQUATIONS, THREE UNENOWRNS), UNITS = Ib, ft
5 =7 0
fop = 5 FRo = 5 Fno = —7
T i T
0.503 —0.631 : 0
Fen ] Fg.g ng_J'
E{?ﬂ = | = | 0.503 FFQ = { = 0451 é"ng — = —0.707
rogl  \ 0,704 Iragl 0.631 ool 0.707
G 5D
W= 150(12% — )5 = 12,150 Ibs
0 0.50252 T} —0.63117 13
Stamics ZF =0 Tiepg + Tregg + Taepg — | 0 | = 0.50252 Ty + 0.45083 T> —0.70711 T;
W 0.70353 Ty + 063117 T + 0.70711 T3 — 12,150

or in matrix form: solve simultaneous cquations to get cable lension forces

h €00y €BGy €00, S8T7 3877
| =|eop,, e€so., €po,, = | 4679 | Ib T=]4679 | Ib
Tj "-’DQ;_ i €gQJ_ i EDQ]_ " 7159 7159
(b} AVERAGE NORMAL STRESS IN EACH CABLE
48975
. T : o
i=1 er=A— o = | 38992 | psi A, = 012 in~
£ 59658
(c) ADD CONTINUOUS CABLE QA
5 5 —1 0 0.451
r.-i.Q
rog=|3 rag=|—"7 rpg =1 3 g || =¥ €A &
7 7 7 7 Il
; 0.503 0.451 —0.631
r ra rep
EQQ = = | 0.503 EAQ = = —0a31 EB_ =i 0.451
Iroal -\ o704 Iragl  \ o631 ol \ 631
Stamics  Solve simultaneous equations to get cable tension forces
T €00y, RO, FDO FAD 0 4278 4278
Ta| _ | €00., €BO., €D02: CAGw 0y _ | e461 _ 6461
i : 3 ' w)| = {3341 | |T= ]330 |
I3 €03y, B0y D03y €AGs P
T 1 0 0 = 0 4278 4278
< forcaseof Ty = Ty
MNormal stresses in cables
35650
i=1l..4 =1 = s si
e GER 7T 2msaz | B
35650
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Problem 1.4-14

Data  Mpgom = 450 ke 2Tz (3000) = Whoom(3000) + P(9000)
=981 m/s* Wiom = Misom 2 7 — Wooom(5000) + P(9000)

A 2(3000)
Wioom = 4415 N

V22422412

P = 20 kN Tap = 3 Tag:
A, = 304 mm? Thg = S05KN =Tpy <
(a) Symmetry: Tag = Tho Tao

I
2
=
&
!

g
by & pr o

&

MM, =0

50
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Problem 1.4-15

Wy = 450
We =630 Ib
Ap=39f
Ap="T1#
L=100ft
D= 1210
Dee=T701t
DCD =201t
Dug+ Dpe+ Dep = 102 11
A, =0.12in?
COMPUTE INITIAL VALUES OF THETA ANGLES { RADIANS)

Ap
f) = arcsin | — g, = 0.331

Dyp

Ar—A
f, = arcsin (M) > = 0.046

Dpe
. { Ac

fli = arcsin | — f; = 0.363

Dep

{a) Stamics aT B anp C
—Tapcos(fy) + Tpecos (B =0
Tagsinif) — Tpesinif) = Wy
—Tgpcosifl;) + Tepeos (B3) =0

Tgcsil'lfﬂ]) + T{_"ﬂSil’l{Hg] = W(_"

=g
B T_‘_———]i“—.‘_?_

Wy

I L=100 ft -
CONSTRAINT EQUATIONS
Dypeos(f)) + Dpecos (8:) + Depeos(f;) =L
Dyp sin(#y ) + Dgesin (82) = Depsin(fs)

SOLVE SIMULTANEOUS EQUATIONS NUMERICALLY FOR TENSION
FORCE IN EACH CABLE SEGMENT

Tup=16201b Top=15361b Top=leddlb
CHECK EQUILIBRIUM AT B anp C
Typsin(fy) — Tyesinify) = 450
Tpesin(fly) + Tepsin(fi;) = 650

(b} CoMPUTE STRESSES IN CABLE SEGMENTS

P Tap L Tpc = = Tep
A= =Ty D=
oap = 13.5 ksi ope = 12.8 ksi

ocp = 13.6Tksi <
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Problem 1.4-16

“el au___B

=R

w = angular speed (rad/s)
A = cross-sectional area
¥ = weight density

X _ mass density
8

We wish to find the axial force F, in the bar at
Section D, distance x from the midpoint C.

The force F, equals the inerlia force of the part
of the rotating bar from I} to B.

Consider an element of mass dM at distance £ from the
midpoint C. The variable £ ranges from x to L.

¥ \
dM = —=A 4|
g @l
dF = Inertia force (centrifugal force) of element of mass dM

dF = (dM)(jw?) =33 Aw’idj

"B L A 2
F.= ] dF = /-IAmzjdj = &;_{_2 _——
] Jx &

2g
(@) TENSILE STRESS IN BAR AT DISTANCE X
E .
UI:_-‘:_W .[;_L_f-]. —
A 2g
(b} MAXDMUM TENSILE STRESS
R |
— D . = W_L_
x i 22
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Problem 1.4-17

W = 15751bf
Position and unit vectors
(=635 ||"—6:|‘ {'D—ﬁﬁ‘- {'—6_5‘ [0 f a3
ca= | 650~ 65 ICB=‘ ; B =‘ 3 rDB=‘3‘ TOA =~ | 65
L —4-0/) \ / 4-0 \ 4 \ 4 =
. [ —0.648 '~| ; (—0.793 | 5 ||"r5.:'> |
CA | | CB [ [ [
= \—0.399 ) | (488 ) VO L0
(I
|rca| 10025 |rcq| = 8201 iop = | =65
o/
Sum momenis about O
f 0
Mg = tow * | W |+ 19c % (Tanca + Tgagg) +7op ¢ | ¢
V0 ) ,DZ

| 65D, \l

42145 T, + 2.3779-Tg + —7875.0-Ibf
a) Find tension forces in cables

solx'e.TA:TB.DZ
Ma=0 — (1278 4879-1bf 10458267-Ibf O) Ta = 1278lbf Tr = 1046Ibf
9 float_ & 2 B

b) average siress in each cable

"
A, = 0471w
T T
A . B -
Oy =—= 2.713ks1 og = — = 2.221-ks1
A Ac

53

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Mechanics of Materials Enhanced Edition 9th Goodno


https://textbooktestbanks.com/products/9780357377840-solutions

Problem 1.5-1

= W = total weight of steel wire (b} WIRE HANGING IN SEA WATER
| 5 = weight density of steel
5 F = tensile force at top of wire
L = 490 I/t
F
v = weight density of sea water F= (‘fs = w’)AL Tonax = 2 = {?S = TW]L
3 = 63.8 Ib/ft’
A = cross-sectional area of wire Fosoos imax
i — F
o, = 40 ksi (yield strength) 15T
40,000 psi
(a) WIRE HANGING IN AIR = P 3 { 144 in,szlgj
(490 — 63.8) Ib/ft
W = 13500 =

T = = Vsl

_ Oy 40,000 psi
s 490 /i

Linax

(144 in 2

= 118001 <

54
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Problem 1.5-2
{a) PIPE SUSPENDED IN AIR
o= 550 MPa
v =77 kN/m?
W=y AL

oy
Ly =—=T143m
¥x

55

(b) PIPE SUSPENDED IN SEA WATER

Y = LOKN/m’
Force at top of pipe: F=(y — T“-]A L
Stress al top of pipe:

Tmax = I Umax=(T.i - '}"w;IL
Set max stress equal to ultimate and then solve for
L‘m:m
oy
Loz = = 8209 m
I:T'r B Tw}
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Problem 1.5-3

| 0505 in where L, is in inches.
P P
L Ag — Ay
| Percent reduction inarea =———(100}
L- 20in | Ap
(! A‘)um;

L — L =4 I

Percent elongation = 1TLU{III'}CI}! = (i — I)]DL‘I Ao
dy, = initial diameter d, = final diameter
Lg=2.0in.
. Ly
Percent elongation = ﬁ — 1 J(10HD) (Eg. 1)
bl
ﬂ= (ﬂ)L do=0:505 in L dy % Elongation % Reduction Brittle or
Ag dy : il : Material  (in.)  (in.) (Eg. 1) (Eg. 2) Ductile?
Percent reduction in area A 213 0484 6.5% 8.1% Brittle
2 B 248 0398 24.0% 37.9% Ductile
|1 = (%Y oo Eq. 2
= 0505, 1199 59..2) € 278 0253 39.0% 74.9% Ductile
where d; is in inches.
56
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Problem 1.5-4

The ultimate stress oy for each material is obtained

from Appendix [, Tables I-3, and the weight density Ty ¥z Rspw
+ is obtained from Table I-1. (MPa (kN/m™) (m)
The strength-to-weight ratio (meters) is Aluminum alloy 310 26.0 1.9 X 10°
6061-Te
e ZIPE), i Douglas fir 65 5.1 12.7 X 10°
k) Nylon &0 9.8 6.1 % 10°
Values of ey, ., and Rsw are listed in the table. Structural steel 500 77.0 6.5 % 107
ASTM-AS5T2
Titanium alloy 1050 44.0 23.9 x 10°

Titanium has a high strength-to-weight ratio, which is why
it is used in space vehicles and high-performance airplanes.
Aluminum is higher than steel. which makes il desirable for
commercial aircraft. Some woods are also higher than steel,
and nylon is about the same as steel.
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Problem 1.5-5

B c
Dara
epp = 0L.036 e = 52° Lpp =1 = assume unit length to facilitate "
numerical calculalions below

Strain in CE L

Iy — La Ly
g =———

CE L, s
L L D
sin(a anf a o

Increased length of CE (see figure)

. I
Ls = VL2 + (Lgp + egplap)? = K—j 4 107329

V tan(52°)?
Compute strain in CE then substitute strain value into stress-strain relationship to find tensile stress in outer bars:
L] == Lz 0.023 |B‘D{H38{'£ 523 ksi
grp =—— = 0.023 og=——"— |og=523 ksi
e Ly 1 + 300 ecg
58
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Problem 1.5-6

Using the stress-strain data given in the problem
statement, plot the stress-strain curve:

Stress

60 (MPa)

Ty

Opi—— %
40 //‘

2 slope = 4"?—.—0—.?—}":}}’ =24GPa
20- /4
L 0.2% offset
i
0 - I T T
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op; = proportional limit  op; = 47 MPa
=24 GPa
oy = yield stress at 0.2% offset

ay = 53 MPa —

Modulus of elasticity (slope)

Material is brittle, because the strain after the proportional

limit is exceeded is relatively small. <
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Problem 1.5-7

dy = 0.505 in.

z

d
Apg =2 — 0.200in>

Ly = 2.00in.

CONVENTIONAL STRESS AND STRAIN
P &

r=— &
Ag Ly

STRESS-STRAIN DIAGRAM

150,000

Stress

{psi)

eSS
100,000 /,_f-
50,000 |'
T T T
0 00200 0.0400  0.0600
Strain

ENLARGEMENT OF PART OF THE STRESS-STRAIN CURVE

Stress
(psi) ;
15,080 St Syp = 69,000 psi
5 (0.1% offset)
PL 1
spp = 63,00 psi
60,000 — 0.1% pffsel
50,000 psi
i~ Slope= 5 50165
=303 10° psi
50,000 : |
0 0.0020 0.0040
Strain

Load P Elongation & Stress o
(Ib) (in.) {psi) Strain &
1,000 (0.0002 5,000 0.00010
2,000 0.0006 10,0000 0.00030
6,000 (0.0019 30,000 0.00100
10,000 0.0033 50,000 0.00165
12,000 0.0039 60,000 0.00195
12,900 0.0043 64,500 0.00215
13,400 (.0047 67.000 0.00235
13,600 (0.0054 68,000 0.00270
13,800 0.0063 69, KK 0.00315
14,000 0.0090 T0.0600 (.00450
14,400 0.0102 72,000 0.00510
15,200 0.0130 76,000 0.00650
16,300 0.0230 84,000 0.01150
18,400 (L0336 92,000 (0L.01680
20,000 0.0507 100,000 0.02535
22,400 0.1108 112,000 (L05540
22,600 Fracture 113,000
REsurts
Proportional limit = 65,000 psi =
Modulus of elasticity (slope) = 30 X 105psi

Yield stress at 0.1% offset = 69,000 psi
Ultimate stress {maximum stress)
= 113,000 psi =
Percent elongation in 2.00 in.
it =Ry
Ly

_ 012in.
2,00 in.

( 100)

(100) = 6% €=

Percent reduction in area
Ap — 4
= T
0.200 in. — Z(0.42in.) 2
- 0.200 in.2
=31% <

(100)

{100)

60
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Problem 1.6-1

Part (a)
& =02m L = 60 E = 29000ks:
& _3
g =—=3333x 10
j &
I . N .. -3 o =3
o~ = 50ks elastic recovery Er = — =1724x 10 Exr =— =1724x 10
X B E ¥ E
residual strain ep = £ —ep =1.609x 10 .
permanent set epl= 0.097-in < final length of bar is 0.097 in. more than
oniginal length
. . .2 .2 P i .
Part (b} d=15n P = 80kip A= :-d‘ =17671n" o= I =45271-ksi < below yield

stress in baris 45.3 ksi < 0, s0 no permament set

strain of bar £ = 2 1561 10 ? < less than yield strain
E
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Problem 1.6-2

o L=20m= 2000 mm ELASTIC RECOVERY &5
Yield stre = 250 MPa | 250 MP
icld stress oy - B _ a_ 0.00125
oy Slope = 200 GPa Slope 200 GPa
& = 6.5 mm RESIDUAL STRAIN &g
ep = e — ep = 0.00325 — 0.00125
= (0.00200
o Permanent set = ggl, = (0002002000 mm )
STRESS AND STRAIN AT POINT B = 4.0 mm
oy = oy = 250 MPa Final length of bar is 4.0 mm greater than its original
5 &5 length. =
.5 mm
= —=————= (100325
% =7~ 2000 mm
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Problem 1.6-3

o
ELASTIC RECOVERY Ef
o 42 ksi
= = = (.0140
o *E7 Slope 30 % 107 ki
RESIDUAL STRAIN &g
gp = &g — & = 000417 — 0.00140
0 = .00277
PERMANENT SET
L =48 in.

epl = (0.00277)(48 in.)

. . AT L
Yield stress oy = 42 ksi ={0.13 in.

Slape = 30 % 107 ksi ! ) . P
Final length of bar is (.13 in. greater than its original
& = 0.201in. Ieng[hl —
STRESS AND STRAIN AT POINT B
ap = oy = 42 ksi
& 0.20in.
B = e— =
EL i

= 0.00417

63
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Problem 1.6-4

numerical data L =750 mm & = 6 mm

i
gep = T =8 X 1077 op = 65.6 MPa < from curve
(see figure)

gp = (0LOO23 << elasiic recovery (see figure)
ep=¢ep —ep=5T X 107 < residual strain
(a) PERMANENT SET

Bpees = €gL = 4275 |8, = 4.28 mm

(b) PROPORTIONAL LIMIT WHEN RELOADED

U'_W{E,l

agyle)

64

/

/

o
o

CLO0E 0002 0.003 (uODd (0005 00006 (L0067 0.008 0.000 001

€

0002

0004

0.006 0008 0.m

Residual strain
=0.0057

Elastic recovery
= 0.008 —0.0057 =0.0023
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Problem 1.6-5

Dara or(ksi)
P=4d46kip L=6H ™ .
. i _""Ih‘
d=1375in E = 10.6(10°) psi 30 (""‘
NORMAL STRESS IN BAR 20
o = 30036 psi !
oy o 30036 psi 10 :
g ol
from curve, say that g = 0,025 0 i{}.{}ﬁ 0.10 0.15 0.20 0.25
R ‘
Evasnic recovery  unloading parallel to initial straight line
FIG 1-34 Typlical stress-strain diagram
o % ~ 2834 % 103 for an aluminum alioy

RESIDUAL STRAIN

Ep —=ER — EF = 0.022

{a) PERMANENT SET
epl = 1.596 in.

(b) PROPORTIONAL LIMIT WHEN RELOADED 15 o = 30 ksi

65
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Problem 1.6-6
copper wire, d = 6 mm

e =0.00001.0.03

124000- o(0.0001
ole) = alilce i =(e R —1.204 % 107 wig) = 120400-(= — 0.002)
1+ 300-¢ 0.0001
400 7
l':
-' __....--""
300 : —

alg) /4;

w0

100

:
I:
{\_.I L
0 2107 4¢107° 6¢107° 8<10°° 001 0012 0014 0016 0018
£
) d . 124000  37200000-¢
Eig) = —ale) — A - : 5
de LT enesiy E(0) = 1.24 x 10
E=FE0)=124x 100 mpa
we) = E-(e — 0.002)
124000 3 ( 0.0037688746209726916175
o —E(x—0002) solve.x —
1+ 300-x | —0.0017688746209726916175
66
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a(0.0037688746209726916175) = 219.34 MPa ¥
< yield stress at 0.2% offset D T
D

Find force T in continuous cable W = 6.8kN

0.75m 125m

Summing moments about point D (counterclockwise moments are positive) gives:

G.SkN_[ 35m ] ¥
2

W _
¥Mp = 0 Ay (2m) - ?(0_75m+ 275m) =0 or A, - 5950-N

\ 2m

Next, sum forces in the x direction: YF, =0 A, +D =0 or D,=-A, = 390N

The minus sign means that D, acts in the negative x direction.

Summing forces in the x direction at joint D will give us the force in the continuous cable BDC:

= 2 i S \
First compute angles ag and d.- (see fig. | op = atan| F | =53.13-deg op = ;mn[ J =33.69-deg
VLo )

3
_D:(
Teie -
:cosan]-:— coslctc}]

Now N - 0SPND Dy« T(oosag)  cmfac) -0 o

—{—5950N)

= : =4155-N
fcosiog | + cos| o ||

or

a) Eind the @aal normal strain in the cable and its elongation cable length L = 25m—-+T3m=6.106m
0 = L 15953 MPa < less than o, = 219 MPa (at 0.2% offset)

1 2
= -qv{ Gz}
4
124000 x = 146.953.(1 = 300-x) solve . x — 0.0018388570049215344977

_ 146.953 - 1839« w-i-

£
T (124000 - 146.953-300) 6= gyll)= 11227 um

b) Find the permanent set of the ware if all forces are removed

There is no permanent 52t since the stress is still below the
0.2% offset yeld stress
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Problem 1.6-7

L=4Nt=48in. d=0.125in.
P = 600 b
Correr ALLDY

18.,000=

tr-_
I + 30e

(1) STRESS-STRAIN pLacRas (From Eg. 1)

o= 54 ksi

Egmig—idy

0=¢=003(r=Lksi) (Egl)

T L]
0.01 . 002 0.03

INITIAL SLOPE OF STRESS=STRAIN CURVE
Take the denvative of o with respect Lo &:
der (1 4 3006 18,0000 — (18,0000 300 jer

de (1 + 300e)

15,000
(1 + 300y

d
Ate =0, == = 18,000 ksi
de

.. Initial slope = 18,000 ksi

ALTERNATIVE FORM OF THE STRESS-STRAIN RELATIONSHIP
Solve Eq. (1) for & in terms of o

o

& = 18.000—300¢

0= o= 54ksi (o =ksi) (Eq.2)
This equation may also be used when plolting the stress-
strain diagram.

{b) Eroncanos & oF THE WIRE

P 600 Ib _ _
@ =— = ——————48.900 psi = 48.9 ksi

%m.lls in.)?
From Eq. (2} or from the stress-strain diagram:
g =00147
&= el = (0.0147)48 in.) = 0.7l in. =+
STRESS AND STRAIN AT PoINT B (see diagram)
oy = 489 ksi g5 = 0.0147
ELASTIC RECOVERY £y

o 48.9 ksi
Slope 15,000 ksi

£ = 000272

RESIDUAL STRAIN Ex
gp = gp— &= 00147 = 0.0027 = 0.0120

{¢) Permanent set = gpl. = (0.0120)48 in.)
=058in.
(d) Proportional limit when reloaded = oy

ory=49ksi  —

68
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Problem 1.7-1

STEEL BAR

d = 2.00in. Maximum Ad = 0.001 in.

E=29%10°psi v=10.29

LATERAL STRAIN

Ad 0,001 in.
= — = — = 0.0005
ESY amm, o
AXIAL STRAIN
g 0.0005
E= = e —0.001724

(shortening )

AXIAL STRESS
o = Ee = (29 % 10° psi)(—0.001724)
= —50.00 ksi (compression)

Assume thal the yield stress for the hizh-strength steel is
greater than 50 ksi. Therefore. Hooke's law is valid.

MAXIMUM COMPRESSIVE LOAD

Ppe = oA = (50.00 ksl;(%)(zm in.)?
=157k =

69
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Problem 1.7-2

d=10mm Ad=0016mm AXIAL STRESS
(Decrease in diameter) a = Ee = (72 GPa){(L.004848)
T075-T6 = 349.1 MPa (Tension)
From Table I-2: E=72GPa v =033 Because o < oy, Hooke's law is valid.
From Table I-3: Yield stress oy = 480 MPa Loap P (TENSILE FORCE)
LATERAL STRAIN P =0A =(349.1 MFE}(;): 10 mm)?
G W 274 kN
£ T4 T omm —eh -
AXIAL STRAIN
g 00016
E=——=
v 0.33

= 0.004848 (Elongation)

70
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Problem 1.7-3

NUMERICAL DATA NORMAL STRAIN
d; = 4in. dx = 4.01 in. E = 200 ksi —8y
gy =—— g =—625x%1077
v=104 Ady, = 0.01 in. L4
Ay = Ediz A= Edf A; = 12.566 in.? AXIAL STRESS
o,=Feg oy =—125ksi

- vl
A, = 12629 in
COMPRESSION FORCE

P=EA|E]
=285 107" P=—15T1kips —

LATERAL STRAIN

71
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Problem 1.7-4

-"p = 193mm ]_C = 400mm 8. = 200mm I, = 3mim =04

FPart (a)
- “Flat
gap=s -2t —s =lmm ey = SP -5181x10 € = —— =—-0.013
p 5 |4
P P
L ( L) equate O, and 0, L e —
= E- = — - = = = U3 i5F-mim
% P %2 (Fp ~Ee] then solve for L, P i4ee
Part (b)
. 3 - 2 e Vi
Vigi = Lp-sp-sp =0.0150951-m Vinal = Leol5e —2-1;) =0.015054-m e 1.003
final
72
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Problem 1.7-5

Ep = 200kst Vp = 04 Ap

original gap on each side:

-
7in-(7.35m) = 51.45-m~

[8in — 2-(0.3in)] — 7.35in

=0.025-m

2

[8in — 2-(0.3in)] — 7in

aniginal gap at both top & bottom:

Force required to close gap on left-nght sides

(0.3in)] — (7in + Ah)

=02m

~Elat .,
Ep = =—1.701 x 10
Yp

P - Ej-Aye, ——175-kip

=0.1762-1n

[8m — 2-(0.3mn)] — 7.35in -3
€lat = — =6.803 x 10
7.351n
Remaining gap on top-bottom
o : [Bin—2
Ah = Ela[-{xnﬂ =(0.048-m gap =

-

73

A, = (8in)” - (8in— 0.6in)” = 924.in”

Ea-(7.351n) = 0.05-n
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Problem 1.7-6
‘b} GI\-’EN STRAIN. FIND CHANGE IN LENGTH IN BAR FIGURE (A} AND ALSO

(a) GIVEN STRESS, FIND FORCE P IN BAR FIGURE (A)
VOLUME CHANGE

o= 57 MPa E =73 GPa v =033

L=600mm dy=7Smm  dy=63mm  ,_ g8 (196) 2N oo

2

a
= (@ — d?) = 13010 mm? 5 = el = —0.469 mm| shortening
|P=0A=T41kN]|

A

Vol; = L{A) = 7.804 x 10° mm’

Af = gyt = 1.546 X 107 mm

gy = —ve =2577x 1074
Ady = gud; = 0.019 mm Ady = gd) = 0.016 mm

Af=%{(d3 + Adi)? — (a) + Ady )

A= 1301.29 mm*

Ar— A 130129 — 1300.62
A 1300.62

Vig = (L + 8) (A7) = 7.802 % 10° mm’

= 0.052%

AV, = Viy — Vol; = —207.482 mm’

AV, = 207 mm"'| change

(¢} IF THE TUBE HAS CONSTANT OUTER DIAMETER OF d7 = 75 mMm ALONG ITS ENTIRE LENGTH L BUT NOW HAS INCREASED INNER
DIAMETER dy OVER THE MIDDLE THIRD WITH NORMAL STRESS OF 70 MPa, WHILE THE REST OF THE BAR REMAINS AT NORMAL

STRESS OF 37 MPa, WHAT 1S THE DIAMETER d37

P
oyy = TOMPa P = 7T4.135kN Ay; = — = 1059.076 mm?

- [ .9 4 dz — d3
All,fj 50 d_q. == \‘I df’ - ;AM} = 654 mm s = = = 4.802 mm

dﬂz - d'32 —

ERES
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Problem 1.7-7

NUMERICAL DATA DECREASE 1N DIAMETER

E = 25,000 ksi Ad = ed

v = 032 Ad=—156%107%in. <«

L =9in. [NITIAL CROSS SECTIONAL AREA
= (L0195 in.

kT | s |
=T b aiRin2
— 0225 in. == i o

MaGNITUDE OF LoAD P
MNORMAL STRAIN

5
=— g=2167 X107
E I E

P=FEAe
P = 2.15kips £ —
LATERAL STRAIN

g, = —v& g,= 6933 X 10

75
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Problem 1.7-8

d=10mm Gage length L = 50 mm
P=20kN &6=0.122mm Ad = 0.00830 mm

AXIAL STRESS

P 20k
e RS

2 = 254.6 MPa

W -
— (10 mm)-
4

Assume o is below the proportional limit so that
Hooke's law is valid.

AXIAL STRAIN

& 0.122 mm
o i A e e

I S 0.002440

76

{a) MopuLus oF ELASTICITY

o 2546 MPa
E_E_iu.[mmm = |04 GPa «—
(b) Poisson's raTio
g =ve
Ad=ge'd=ved
Ad 0.00830
_Ad mm 0k

ed  (0.002440)(10 mm)
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Problem 1.7-9

NUMERICAL DATA (c) INCREASE IN THE WALL THICKNESS OF PIPE SEGMENT AF
P, =265k AND THE INCREASE IN THE INNER DIAMETER OF AB
P=22k | 5

dap = 1.25 i Agg = I[fﬂwz — (dag — 2ap)°
IAB=[I,5 in. _P]
= : =— = —1.607 x 107*
dpge=2.2510n. EAR EA,p EaR
“EI'__ = 0375 in. i
E = 14000 ksi EpAR = — VorassEdA R Epap = 54064 % 10
Atge = 200 % 107 Atyp = gpaplan Atap =273 % 1074 in. <
{a) INCREASE IN THE INNER DIAMETER OF PIPE Adaginner = Epanldag — 2ag)
SEGMENT BC

A Ad e = 1.366 % 1074 in.
EpBC = ——  Eppe = 5333 % 1074
tpc

Adpcinner = Epactdape — 2ge)
Adpeae = 8% 10740, —

{b) PoissoN's RATIO FOR THE BRASS

(13
Apc =7 dpc® — (dpe — 2pc)’

Ape = 2209 in?
—(Py + P3)
egr = ————— epe= —1.568 X 1073
(EArc)
—&pR0
¥ brass = Vhpass = 0.34
Epe
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Problem 1.7-10

P = 1400 kN L=3m d = 80 mm E=110GPa v =10.33

£y
&

Ay = Eaﬂ — 50265 mm? Ay = E{z d)? = 20,1062 mm>

{a) FiND CHANGE IN LENGTH OF EACH BAR

P <. Appendix I, Table I-3: copper alloys can
Bar #l £ = have yield stress in range 55-760 MPa so

 EA
u assume this is below proportional limit so that
ALI =.E] L = 12.66 mm Llﬂ = I+ AL[ = 5012.66 mm Hooke's Law apph.es

=2532x%x 107 o =Eeg =219MPa

P -3 P -4 B =
Bar #2 = ——=2532x10"" wm=—"T—"=633x10 —=633x10
e 2 = Fa, B B 4
L 4L
ALy, = Eja? = 2.532 mm Alap = g3 ? = 2.532 mm
AL,
ALy = Al + Aly;, = 5.06 mm Ly = L + AL; = 5005.06 mm ﬁL_ = (14
' 1
Bar #3
L 14L
Aly, = 'Eluﬁ = (L8444 mm ALy, = &4 (?) = 2.954 mm
Al
a'lL:l' = ﬂLzﬂ 1 ﬁLH, = 3.8 mm L..FJ' =L+ .ﬂf_.j = 5003.08 mm E = )3
1

(_hII FinD CHANGE IN VOLUME OF EACH BAR

Use lateral strain (£,) in each segment to find change in diameter Ad. then find change in cross sectional area. then

volume

Bar #1

gy = —ve; = —8.356 X 107? Ad) = e,d = —0.06Tmm A; = I‘T(a + Ady)* = 5018.152 mm?

- Vﬂ‘fl _4
AVolp = A1y — AgL = 21548 mm’ = 8574 X 10
d
Bar #2

—4 EF] et £

Epla = Bpl Eplp = —VeER = —2.089 X 10 T = —2.089 ¥ 10

Ady, = £,0,(2d) = —033mm Ay, = A| Ay = }{Ed + Ady)* = 20097.794 mm?

L 4r
1'11'_.2” = B3, ? = 2532 mm ﬁij = E’lb( ?) = 2.532 mm
L AL AL L
,ﬂ\"glj = |:.4| (_ + &L}d) + Aﬂ.(_ + ﬁf_.g;:,):| — l:ﬂzd( = ) + Ad( = ):|
5 3 5 5
— 21601 mm’ aveh _ 1002
g AVol, o
78
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Bar #3

L 14 L
L!‘;Lza = B 15 = (L2844 mm if_,zb = E3h (?) = 2.954 mm
Iy, 14L 14 L ( L
/ — P 4 i / — s 2oy [ it
AVoly LAI ( T ﬁLh) Hg;,( T =+ ﬁLgb) Ay 5 ) Ay |5)
; AVol;
= 21610 mmr = |.003
AVol,

AVol; = 21548 mm’ | [AVol; = 21601 mm"| [AVol; = 21610 mm’
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Problem 1.8-1

MNUMERICAL DIATA

I=0751n. L=8in
275
= 3. in. - '
bh=3.in P 1000 ksi

BEARMNG FORCE

F = pbL F=66k
SHEAR AND BEARING AREAS

As = 0307 in?

80

Ap = di

Ap = 0469 in?

BEARING STRESS

o

F

=Hb

o = 7.04 ksi

SHEAR STRESS

Tave =

F

245

Tave =

10.76 ksi

—

—
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Problem 1.8-2

MNUMERICAL DATA {h) ULTIMATE FORCE IN SHEAR
fep = 14 mm Cross sectional area of pin
fop = 26 mm ﬂ'd;::

P = 80KN A =3

d, = 22 mm

A, = 380.133 mm’
Tur = 190 MPa

- Py =244, Puy=144kN
(a) BEARING STRESS ON PIN ult ultip ult

P i
op, = — gusset plate is thinner than

dptep

(21,) 50 gussel plate controls

1399MPa <

Fi
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Problem 1.8-3

MNUMERICAL DATA (b) BEARING STRESS ON PIN FROM FLANGE PLATE
P—160kips  d, = 2in. P
fe=15in.  f—lin. L —20ksi

F ff dp er o by 51

{a) SHEAR STRESS ON PIN
BEARING STRESS ON PIN FROM GUSSET PLATE

e

= =26.7ksi
Ty Efpfg Thy 51

e

.|.a-|§h ==
L)

o

82
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Problem 1.8-4

numerical data =4 mm t, =5 mm dp =8 mm P=2585(981) P=83385 N
N

q=40 —

b=07m H=75 m
m

a=18 m

{a) support reactions

2 ]
} BREEE \||'[1'| +b)"+H L=7905 m LJLC- . b-L LAC-=S_692
° a+

Lrm = -L Lep=2214 Lyr+Leg=7906
CB CB AC CB
sum moments about A a+b
Pa+ q-L-E a+b 1
L 2z ) B .

B, = 2 B, =-252829 N (left) & Ax = -Bx (Ax acts to right) A, =B,

A, =P+ql A, =1150078 N sz_B}i ‘szmm |:\_

; . 2 2
(b) resultant force in shoe bolt at A A altine = As + &‘

Aresultan = 117754 N Aregyltane = 1178 | N

(c) maximum shear and bearing stresses in shoe bolt at A dp =85 mm t,=5 mm =4 mim

‘\resultam

i) I al
shear area A = Xl * A =50265 mm~ shearstress T = - MPa

4 P s 7.

Aresultant

bearing area A, = 2-.d_- A = = z 2
g Ay = 2dyt Ap =80 mmpring stress Thehoe = ————— Ohshoe = 7-30 MPa

A

"‘“resultam
Check bearing stress from ladder rail Opgail = T Oprasl = 184 MPa

83

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Mechanics of Materials Enhanced Edition 9th Goodno


https://textbooktestbanks.com/products/9780357377840-solutions

Problem 1.8-5

NUMERICAL DATA

d,=025in. L=

wa | Ln

BC = 1in. T=451b

EQUILIBRIUM - FIND HORIZONTAL FORCES
AT B amp € [vERTICAL REACTION Vg = 0]

T(BC + CD)
SMp=0 M

191251 D Fy=0

He

Hg=T—Hc Hp=—146251b

in. CD=3.25in

{a) FIND THE AVE SHEAR STRESS Tave IN THE PIVOT PIN WHERE
IT IS ANCHORED TO THE BICYCLE FRAME AT 8!

ﬂdﬂz -
Ag = T Ay =0.049 in.”
|Hgl _ .
Towe = Tave = 2979 psi —
As

(b) FIND THE AVE BEARING STRESS O, ,\, IN THE PIVOT PIN
OVER SEGMENT AR,

Ap=d,L Ap = 0.156 in.”

\Hg! :
Thave = A, Thave = 936 psi —
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Problem 1.8-6

NUMERICAL DATA SOLUTION APFROACH
4 STEP(1) d = Va* + 5  d=1.166m
Li=32m L,=39m o =549 ﬁ)rad -
STEP (2) #,; = arctan (E) f1— = 30964°
T i
&= 94'4( 180 ) rad STEP (3)-Law of cosines
a=06m b=1Im H=\d + L7 — 2dLcos(f + 8))
W=T70(2.5 %X 1.5 % 0.08) W=23.1 kN H=39%m
(77 = wi density of steel, kN/m?)
e T (simﬂz})
: = | — =T Iy =1318kN =
STEP {4) 3 Em:cua( AL H ) 1 2 sin(B;) 1
8, 180 _ 13.789° Ticos(B,) + Theos(B,) = 23.1 < checks
m
L% + H? - 47 SHEAR & BEARING STRESSES
STEP (5) B; = arccos e
= d, = 18 mm i = &0 mm
180 i
Py~ = ed Ag = %dﬁ Ap = tdp
STEP (6) n
2
180 N -
Check (B + By + 0 + a)— Tlve =50 Tle = BDIMP2 <=
w
= 180.039° I
2
STATICS Tlave = 4‘1—5 Toave = 212MPa =
Tisini B1) = Txsin(B2)
T,
sini Tp1 =7 oy = 9.15 MPa —
- o T}( sfn[.ﬂzi) Ay
sin(B)
Ty
Ticos(B) + Tocos(Ba) = W Fpg = A, op = T48MPa <
W
I = -
) cos(f ]'Sm{'ﬁﬂI + cos(B1)
V(B 1) .
In=1077TkN =+«
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Problem 1.8-7

cable forces
Ty = 800 1b T, =550 1Ib T; = 1241 1b d = 0.50 t1J =TS t = 0.25 inches

(a) resultant force on eye bolt from 3 cables

T;:-cos(30-deg) = 1075 T; + T,-sin(30-deg) = 1075 < so resultant has no
y-component

3
P = TJ-\[— + T5-0.5 P=1097 Ib < x-component only

3

(b) ave. bearing stress between hex nut & plate

Apg = 0.2194 in> < hexagon area (Case 25, App. E) minus bolt x-sec area

P .
oy = —— o, =4999  psi
Abrg
(c) shear through nut d =05 in < bolt diameter t =025 in < nut thickness
P ;
Ay = (md)t A, =0.3093 Thit = Tt = 2793 psi

1

shear through plate t, =075 r1=040 <r= length of side of hexagon (also = b below)
B

,,
Ay = (6:1) 1, A =18 in” Ty = Tp1 = 609 psi
Al
Hsp
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Problem 1.8-8

NUMERICAL DATA
V=12kN i = 125 mm
= 240 mm t = 50 mm d = & mm

=30 mm

AVERAGE SHEAR STRESS

4 Tave
Tave = Tave = 0.4 MPa SHEARMODULUS G G = ——
ab Yave
!
AVERAGE SHEAR STRAIN  Yaye = {? Yave = D16 G =25MPa
87
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Problem 1.8-9

(a) AVERAGE SHEAR STRAIN

d
Yaver =7 = 0.04 <

(b) SuEAR FORCES V

Average shear stress! Taver = Gyaver

h=4.0in. { = (L5 in, V= Tuadhl) = Gygedhl)
L=401in. d = 0.002 in. = { 140 ksin0.004 3 4.0 in (40 in. )
G = 140 ksi =896k <
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Problem 1.8-10

dl = 24mm d+ = 16mm t = 4mm P = TOKN

average shear stress in plate: Tl = = 348151 -MPa

compressive stresses in punch shaft:

5 = 154734 -MPa Tlower =

Tupper =
T oy
=R ot
4 4
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Problem 1.8-11

h=05m L=30in t=05n V=25kip G = 100ksi
v :
T = — = 1667-ksi N =~ = 0.0167
Lh G
dopr 8310 Mn o 4= fan(y) 8334 % 10T L
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Problem 1.8-12

t = lmm P=10N L =2{12mm) + 2-(1.5mm}-w =33 425-mum

E
Tave = — =0.299-MPa
L-t
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Problem 1.8-13

Part (a): pipe suspended in air
_ X Ibf Ibf
L = 5000ft Ny = 490 Yy = 63.8
ft” ft’
§ § dy —dy ﬁ(dn dj] )
= 16i = 151 =~ =05i = 1.75i A5 = “—d,” | =24347-in
2 16in 1 15in t 3 0.5-in te 1.75in A‘plpe A\ 2 il 4.347-1n

Wpipe = Y5 Apipe'L =414.243-kip

" " k1 2 il i 2 2 e B!
d, = 1.125in d,. = 1.875in Ay = :'db = 0.994-in A= :(d“ —dy ]= 1.8-in

n==o6 -
W, W W,

o = - 4 69.5-ks B = Pe 39.1-ksi Te = S R 6.7-ks]
n-Ay = n-Ay 11-1rvd“.-tf

Part (b): pipe suspended in sea water Winwater = {q«s - ’Tw)'Apipe'L = 360.307-kip

W

Winwater Winwater inwater
Oop = ———— =604ks Opre = ———— =34ks Tg=——— =583ks
n-Ay = n-Ay n-w-dw-tf
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Problem 1.8-14

_f Thickness ¢

—— . P
—

P — .,

P ~ “Rubber pad

LY

Rubber pads: 1 = 9 mm
Length L = 160 mm
Width b = 80 mm

& = 1250 kPa
P=16kN

(a) SHEAR STRESS AND STRAIN IN THE RUBBER PADS
P2 BEN

st — 625 kP
Taver = 5~ (80 mm)(160 mm) 4
Taver 625 kPa
e ot ST, [, e
Yaver = 2T T 1250 kPa

(b} HoRIZONTAL DISPLACEMENT

& = t X tan{ y,,.) = 4.92 mm
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Problem 1.8-15

NUMERICAL DATA

|
{ = —in. b=2in.

8
h=T7in. W, = 101Ih W, =401b
P=301b dyg = 0.25 in. dy, =ﬁin.

(a) REACTIONS AT A
A, =0 =
1"[_1,-=W1+W3+-1P =

1701b

A,
174+ 2125+ 6 Ly=125in.
{dist from A to first bike)

My=Wi(9+Woll9)+ P4l +4+8+ 12)

Ly

M, = 4585 in.-Ib

(b) Forces mv BoLT AT B anp piv aT C

Right hand FBD
[WaA(19 — 1T7) + P(6 + 2.125)
+ P(8.125 + 4) + F(8.125 + §)
+ P(8.125 + 12}]
T h
B, =2541b =

B..= VB + B_,I.z

(C) AVERAGE SHEAR STRESSES Thp IN BOTH THE BOLT
AT B AND THE PIN AT C

C,= —B,

B, =300l «—

?Td§ mg
Agp = ET Ap = 0098 in.~
B
Tp=——  Tp=3054psi
i

IR, =0 By=Wy+4P B, =1601b <
E!Ffﬂ = ‘:'
']Tﬂ::,l E
A= ET Ay = 0153 in~
B, ;
T = o= 1653 psi =
A.-.C

(d} BEARING STRESSES o' IN THE BOLT AT B A THE PIN a1 O

t=0.125in.
App = 2dg  Asg = 0.063 in’?
B
o =—— oy =479 psi —
App
Ape=2td,  Apc = 0.078 in
i3 )
T = 7 e = 3246 psi —
Ape
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Problem 1.8-16

FREE-BODY DIAGRAM OF CLAMP

f = 250 mm
c = 100 mm
P=18kN

From vertical equilibrium:

V—E—gkN
=

d = diameter of pinat C = |2 mm

FREE-BODY DIAGRAMS OF ARMS A AND B SHEAR FORCE F IN PIN

= 4847 kN

AVERAGE SHEAR STRESS IN THE PIN

F F
Tover ==~ — =—7=429MPa <+«
aver Apin 1'.!'32
4
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Problem 1.8-17

{a) SHEAR STRESS 7 AT RADIAL DISTANCE r

r = radial distance A
from center of

b shock mount to . _ P S

element of YA, 2arh
thickness dr

; = shear area at distance r = 2arh

Steel tube (b) DowNwWARD DISPLACEMENT &

v = shear strain at distance r

e AR
Y6 T 2amG
dd = downward displacement for element dr
Pdr
a5 =
= 2arhG
= f . f Pdr
dn 2arhG
b2
dr P :
8 = - = [t i
2ahG fyn 2whis
r = radial distance rom center of shock mount to
; P i)
element of thickness dr = In— =
2ahG d
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Problem 1.8-18

Numerical data L=275m W‘. = 667N H = 150-mm h = 108-mm b = 96-mm

t = 14-mm db = 12.mm d“_ = 22.mm

a) Find average shear stress (1, MPa) at bolt #1 due to the wind force W.,r? repeat for bolt #4

o . W,
Ab = —-db' =113.097-mm" Ty = — = 2.95-M 95-
4 A

~ only bolts 1 & 2 resist wind force shear in +y dir.

b) Find ave. bearing stress (o,, MPa) between the bolt and the base plate (thickness t) at bolt #1;
repeat for bolt #4

2 W,
Abrg = db-r = 168-mm .

-

opp = N 1985MPa oy = 1.985.MP Syg=10
“org

A only bolts 1 & 2 resist wind force bearing in +y dir.

c) Find ave. bearing stress (o, MPa) between base plate and washer at bolt #4 due to the wind force
W, (assume initial bolt pretension is zero)

Assume wind force creates OTM about x axis = OTM, OTM, = W, -L=183425Nm

OTM
OTM is resisted by force couples pairs at bolts 14 & 2-3; so force in bolt 4 is: Fy = _— 8491 898N

Bearnng area is donut shaped area of washer in contact with the plate minus approx. rect. cutout for slot

d“. —d i 3
= 207.035-mm

Ohqy = —— =41-MPa Oy =41-MPa
2 / Apra

PR |
Aprg = :'r- dw —dp | - db'l
\

d) Find ave. shear stress (1, MPa) through the base plate at bolt #4 due to the wind force w,;

Use force F, above; shear sfress is on cyl. surface at perimeter of washer, must deduct approx. rect. area

due to slot
3 F4
Ag = (n-d —dp )t =799.611-mim T = —— =10.62-MPa T=10.62-MP:
sh W b Ag
s

e) Find an expression for normal stress (o) in bolt #3 due to the wind force W,l,.

Force in bolt 3 due to OTMK is same as that in bolt 4 oy = e 75.1-MPa oy =75.1-MP

& [
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Problem 1.8-19

NUMERICAL DATA

F=5Ib r=%in. dp=%in. a‘b=%in.
5., T

fr=301b dy = Em. f= Iﬁﬁrad

a=0.73in. k= 1.5in. ¢ = 1.751n.

(a) FinD THE FORCE IN THE PIN AT () DUE TO APPLIED

FORCE F'
EM:J =S ﬂ

[ Feos(0) b — a)] + Fsin(f)(c)
Fag =

i

Fapg=T8401b
SEy=0  Op=Fag+ Fcos ()
2y, = Fsin (@)

0,=12681b O, =1.2941b
Ows = VO + O 0,.= 12741 «—

(b) FIND AVERAGE SHEAR STRESS T,,. AND BEARING STRESS

Oy IN THE PIN AT O

m!;;' G .
=g Wy

o=519psi o«

|

[ 3
Ap=2d, opp = T Frp = 816 psi L
b

[c) FiND THE AVERAGE SHEAR STRESS Tave IN THE BRASS

RETAINING BALLS AT B DUE TO WATER PRESSURE FORCE 'F,rJ

?rdg Iy
A =F—— Tia=— .r’-l_,

4 Tave = 3062 psi =
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Problem 1.8-20

numerical data

dg=3 mm

a= 760

W = m-(9.81)

vector Tag

unit vector eAB

db =10 mm m=20 ke
b =254 c = 506 d =150 h =660 h, =490 H=htan 30— l + tan| 45 = ||
\ 180 | | 180 /)
m o (. H=101x l{l3 nun
W=1962 N=ke— Fidie _ 760
2 2
5_ F”
(| | 0 ‘|
3
np=| H rAB=‘ 1.041 % 10°
c—d/ 356
An = ‘ 0 E?—Ié | -1
"AB T T | “AB _l ' | ‘EA-\B‘ a
&b L 0.324
fi - by ) (490
W=|-1962 e By 0 =| 490
L f—_— \ 760

< ignore force at hinge C since it will vanish

My =1 < F.-e +W=r
D DB . ~AB DO
; with moment about line DC

H c—d
F:s_\' = S ,\'Fs Foz = . _r'I:s
NH +(c—-d)” \iH—+(c—dT
E =0.946 — <=9 _osm
8] i ¥ ;] Bl
H +(c—d)” JH +(c—d)

(a) Find the strut force Fs and average normal stress G inthe strut

|W] b, 8
> Miinenc = 0 oy =% F;=145664 F, = 5 F=1539 N
N By’
w2 - - 2 Eq
Agrur = :'ds Agprye = 70265 mm a = o=306 MPa
Astrut
(b) Find the average shear stress Tove dn the boltat A 4, =10 mm
1'r ) F,
A =—dy” A =T7854 T=—  1=196 MPa
+ : A,
(c) Find the bearing stress 0y, on the bolt at A Ay = ddy Ay =80 s
FS
op = — op=1924 MPa
Ab
99
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Problem 1.8-21

NUMERICAL PROPERTIES

A T W
F—Elﬂ. b—gzlﬂ.. ;—EIH
T=25Ib dg-=6in.

d,:'_'f_}=1ilﬂ.

(a) Finp THE cuTTiNG FORCE P ON THE CUTTING BLADE
AT [ 1F THE TENSION FORCE IN THE ROPE 15 T = 25 [b:

SOLVE BEQUATION FOoR P
[Ti6sin(70™)) + 2Tcos(207)
— 6sin (70 — 2Tsin (207 6cos(TO7))]
cos (207

P =395 1bs

{b) SOLVE FOR FORCES ON PIN AT C
EF,={] C,= T+ 2T cos (20F) + P cos (40°)

E-‘iﬁfﬁ =0 CI = 374 lbs =
M = T(6 sin(70°) 3F, =0 € =2Tsin(20%) — Psin (40°)
+ 2T cos (20°)(6 sin (70%))
— 2T sin (20°)6 cos (70%) C=-237lbs <
— Pcos (20°%1)
Resinranr ar O BEARING STRESSES ON PIN ON EACH SIDE OF COLLAR

—

Cos= VCI+ G Co=4431bs

] Finp MAXIMUM SHEAR AND BEARING STRESSES IN THE
SUPPORT PIN AT (SEE SECTION A—A THROUGH SAW ).

SHEAR STRESS—PIN IN DOUBLE SHEAR

k) _—
A, = Idf, A, =0.012in
5/
Tave = M’“ Tave = 18.04 ksi
¥

100

CH"S
2

e

—

T Oy = 4.72 ksi

BEARING STRESS ON PIN AT CUTTING BLADE

Cres

bob dprb

T heli = 37.8 ksi
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Problem 1.8-22

Cable forces

3i+(9-0.45)
. «J3% +8.552

(6.5i+(8.5-0.45)j+2k
| 6.5 +8.052+2°

(8i+(9-0.45)j+5k
[ /82 +8.55%+5

PE:FIH',Ll:I]OkN[ J=36.42f+103.8jkN

F, = Fn,, =85kN

]=52.43i+64.93j+16.13k kN

F,=Fn,,=90kN ]=56.55i+ 60.44j+ 3534k kN

The resultant of cable forces F;. Fand Fj is easily obtained as:

Q=F,+F,+F,=145.4i+229.2j+51 5k kN
(a) Reactions - use resultant forces Q D_f. Q, applied at point A (a distance 5 = 0.45 m above base)

2F, =0: R +0,=0 soR =-0, =-1454kN
2LF,=0: R+Q, =0 soR =-Q =-229.2kN
2LF.=0: R +0 =0 soR =-Q =-51.5ikN

IM_=0: M_+0(045m)=0 so M_=—(51.5kN)0.45m)=—-23.2kN -m
IM,=0: M,=0

TM,=0: M_-0Q.(045m)=0 so M, =(1454kN)(0.45m) = 65.4kN -m

(b) Average shear stress for each of 8 anchor bolts dy = 24mm Ry = 1454kN R, = 51.5kN
3 Y
By +
T = T =42.621-MPa
8 _"jh_ |
\ 4 J
101
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Problem 1.8-23

a) Reactions at point O Py = 11016 Py =Py

Force vectors and resultant

{0 3 ‘0 5

| =2 { o ) -5 N

_p.l [z 3 _ ' [ _
P, =P 5 QS_SS?J-lbf P, = Py| /26 | =| -107.864 |-Ibf |P1| = 110-Ibf
L 49193 1 21573

.\ﬁ 6 P_-_, =110-1bf

Resultant 0 ‘|
R = Py + Py =| —206251 | Ibf |R| =218.053-1bf
\ TO.766 )/
Moment about point O (or Force-couple system at pt. O )
‘14 233 {1027 836
TDB = A, -i.‘l'l IDA = 2 1!.1 T\-IO = 1',0‘3L x PE o TOB b Pl =’ -1185 lbflll or I\VIO = —987 1bfﬁ
L9 L0 ) | —3858 \-3215)
|Mg| = 41651bf in or M| = 347 1bf £t

REACTIONS at point O

| 0 ( —10:7'\i

Rg | 206.3 Mgreac = Mo =L 1185 |Ibf-in
-70.8 3858 /
b al

b) Shear stress on bolt 2 b=275n h=3in d=+b +h =407in 0 = atan| — | =4749deg

BOLT FORCES at bolt 2

R, R,
Fon = — =—51.563-1bf Fao=—= 17.692-Ibf
=4 = 4
MO
V= dl =126.178.1bf < CCW twisting moment = 2 force couples
V‘. = —V.cos(B) =—85.262.1bf Yz = V-sin(0) = 93.013-1bf
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In-plane force resultant at bolt 2
_
‘.—Z} = 176.001 Ibf

ot

5
R: — JEP.‘._'; # 1‘-“.{.]_ |:.F

yN
i‘—j‘)"’jdlﬂ L cfé:.?/éﬁ’in.
d, = 5/8 in.
Z shear stress on bolt 2
< h=3in. . ) )
dy = ém Ap = —dyy =011an"
Ry
T = =1594-ps1
A

b=2.75in.

Support bracket
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Problem 1.8-24

F = force applied to pedal = 800N R = radius of sprocket

L = length of crank arm

MEASUREMENTS (FOR AUTHOR'S BICYCLE)

(1) L =162 mm {2) R =90 mm

(b) SHEAR STRESS IN PINS

m... T . 2T
Apii‘! 211’d2 ’l’l’tf2

Taver —
{a) TeNSILE FORCE T IN CHAIN

(4
FL -
Mue=0 FL=TR T=—~ _ 2L
wd R
Substitute numerical values: Substitute numerical values:
2(B00 N 162 mm)
,_ BON(Rmm T = - 4TMPa  —

90 mm (2.5 mm)*90 mm)

104
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Problem 1.9-1

B J

L

P < ] e e T e — B

f

L=160in. d=0350in.
E =64 = 10°psi
Taow = 17,000 psi O = 0.04 in.

MAXIMUM LOAD BASED UPON ELONGATION

. Brmax _ 0.04in.
™ L 16in.

oo = EE = (6.4 % 108 psi)(0.00250)

(0.00250

16,004 psi

105

P = O = (16.000 psi}(;) (0.50 in.)?

= 3140 Ib

MAaxIiMUM LOAD BASED UPDON TENSILE STRESS

Pose = OuionA = (17,000 psi J(%)[D.Sﬂ in.)?
— 3340 1b
ALLOWABLE LOAD

Elongation governs.
Putjow = 3140 1b =
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Problem 1.9-2

NUMERICAL DATA MAXIMUM PERMISSIBLE TORQUE
r=10mm {= 25 mm n=10 (no.of bolts) d

Thw = 7 A ln=
* bolts * flange 2
Ay =wr Tmax = 3.338 % 107 N-mm
Ay = 314,159 mm* Toax = 334kN'm
1, = 85 MPa

106
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Problem 1.9-3

P
‘T
i

j tda "
! L IF;ibn:l’gldHS

' z (23
=—in
diy | 8
ALLOWABLE LOAD BASED UPON SHEAR STRESS IN
FIBERGLASS
Tallow = 3K pbl
Shear area A, = wdyd
Py

9 = Fallaw Ay =

- coopixn(gin)(5in)
= psi)ar) Em. E‘11'1.

T allow (Tt}

107

L — 30031

ml"‘ﬂ

P, = 6191b
ALLOWABLE LOAD BASED UPON BEARING PRESSURE

o, = 550 psi

Bearing area Ay = E[ﬂrﬁ. — d%}

ALLDWABLE LOAD

Bearing pressure governs.
Pipw = 60716 =
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Problem 1.9-4

Yield and ultimate stresses (all in MPa)
ery = 200
Ty = 80 7o = 140

Tunes:
Pix (sHEAR):

Pin (BEARING): opy = 260 oy = 450

(a) Pyiow CONSIDERING TENSION IN THE TUBES
Tr.o2 2
Apern =][f¢m = (dag — 21pp) ] = 4dytap
Tr sl
Anapc ™ E[dm'z - (dpe — 3:‘3{'}'] — 4d,tgc

oy

Pin=—"4

= Anic P, = 8743993 N
¥

oy

Pirz= Apapc Pz = 11561.501 N

H

LU
{b) Pujow CONSIDERING SHEAR IN THE PINS A, = ':l* dy

Ty

Pys1 = [4AJ}E Pu5 = BoBR.TA8 N
Ty

Poo= I-'Ilﬂ_.,}‘l?s—; P.o= 11826351 N

{C} P;Lk,w CONSIDERING BEARING IN THE PINS
Apig = 286 mm”
Affﬁf = 330

Apagp =4 rlfp Tap

Appc = 4 dp Iec

iF
Popy = -ﬂmar(%)

Ty
Pasy = Apan (_—FS )
ut

Papp = 21245714 N

P2 = 28,600 N

108

TUBES AND PIN DIMENSIONS (MM)
dan = 41 fag = 6.5
dge=dyg — 214y dpe-= 28

tye = 7.5 d, =11

Apetp = 418.502 mm’

Apupe = 153.02 < usesmaller
< controls Paiow = 8. T4 kN |

2

Ay = 95.033 mm

< controls [Patiow = 8.69 kN|

< smaller controls

< controls I.Fq]m = 212 kNI

|D~ﬂ:rall. shear controls (Part {h]}]
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Problem 1.9-5

Four piers A= }mz — df) = Elmj in? — (3.7 in.]
U'H = SD kﬂi e
= 5.152 in.”
n=35 ;
P = allowable load on one pier
50 ksi ,J : _ i
Callow =~ =35 = 14.29 ksi = TaowA = (14.29 ksi)(5.152 in.%)
— 73.62
d=45in. T
Y Total load P = 4P, = 204k

dy=d—2t=3Tin

109
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Problem 1.9-6

B = 4000 Pa P = 900kN PSH =3 t = 12mm
P
Ty % 3
Oy = . =133.333.MPa Aﬂqd = — =16875-mm
FS, o,

Set cross-sectional area of one pier equal to required area then solve for d

N
B ‘jL.{'E“t]d HAn
-1

= 56 8-mm

L

w2 . ]
:--d —l:_d—_-tjl_!—_—'kl_eqd d

110
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Problem 1.9-7

L=50f d,=14m dy = 13m ty = 1.5m dy, = 1.125m d,, = 1.875m
Tap = 50ks1 o = 120kst
From Table I-1
w2 - T WD .. 2
ap = 42"~ dy") = 212061 Ay = -y =0994in N R—
e &

1) Permissible number of pipe segment (n) if hanging in air - max._normal stresses at top of pipe at drill rig

o oA -n-L a.
Based on allowable stress in pipe: W= ‘ﬁ'--'Ap'ﬂ'L i =a S0 n = = 293878
5 Ap ap ’l'g'I-
) ’TS--"\p'n'L 64 T
Based on allowable normal stress in each of 6 balts: ——e iy 50 n=——=198367
6-Ay, 2 Vo Ap L

198 pipe segments controls

2) Pemmissible number of pipe segment (n) if hanging in sea water - max. nomal stresses at top of pipe at dnll ng

T

Based on allowable stress in pipe: n= _#_ =337.87
(Vs — Vsea) L
y : 6-Ap Ty
Based on allowable normal stress ineachof 6 bolts: n = ——— =228.062
(s~ 'Tsea?"i\pl

228 pipe segments controls
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Problem 1.9-8

MNUMERICAL DATA {a) ForCE F N EACH STRUT FROM STATICS (SUM
M, — 43 ke o, — 70 MPa MOMENTS ABOUT B)

= 45 MPa o1 = 110 MPa Fy= Fcos(10°) Fy = Fsin{10°)

d, = 10 mm d, =9 mm t =8 mm ZMg=10

P=50N ¢ = 9.81 m/s’

(b) Maxmum PERMISSIBLE FORCE F IN EACH STRUT

M;,
Fy(127) + Fy(75) = ?3 (127 + 505) F oy 1S SMALLEST OF THE FOLLOWING

P :
+ 51127 + 2(509)] B = :rugd,,' F, = S50 kN
F(127cos(10°) + 75sin(10°)) Py = Tﬂ;dpz

My P
= TEHET + 505) + 5 + 2(505)]

Fal
Fo=286kN <« 2245

M, P
T'E(IZT + 505) + - [127 + 2(505)] Fo3 = Opdyt  Fy3 = T92KN

(127 cos(10°) + T5sin(107))
F=LIT1IkEN ==

112
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Problem 1.9-9

FREE-BODY DIAGRAM OF ONE PULLEY

15° . r
Pulley d
Pin—— Ru
Ry
T

ALLOWABLE TENSILE FORCE IN OME CABLE BASED
UPON SHEAR IN THE PINS

T 2
= TsllnwApin = (4000 PEE}(I){G.EGM.}'
= 2011 1b

Villow
V= 12175T Tj=m

Vallow

= [652 |b

ALLOWABLE FORCE IN ONE CABLE BASED UPOMN
TENSION IN THE CABLE

T2 = Tatiow = 1800 Ib

113

Pin diameter o = .80 in.

T = tensile force in one cable
T = 1800 1b
Tallow = 4ﬂt}ﬂpsi
W = weight of lifeboat
= 1500 Ib
Z2Fn, =10 Ry = Tcos 15" = 0.9659T
EF =0 Ry=T— Tsin 15 = 0.7412T

V' = shear force in pin

V=%(Ryy + (R)y = L2175T

MaxiMuM WEIGHT

Shear in the pins governs.

Tomax = Ty = 1652 1b

Total tensile force in four cables
= 4T, = 6608 1b

Wi =400 — W
= 6608 Ib — 1500 |b
=51101b =
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Problem 1.9-10

NUMERICAL DATA OR check bearing stress
M=300ke g = 9.81 mis® 2

ra= SOMPa e, = 110 MPa Wows2. = E("*“A*) =8
1y = 40 mm 1y = 40 mm 2

Wiz = j("bu'r-‘l'fn-‘l) - Mg

te=40  dpy =25mm

dyy = 30 do- = 22 mm Wiy = 1526 kN  (bearing at A)
(a) REsurmanT rorces F acting ox ruLieys A, B, ano C Puriey at B 2T = 1.4,
Fa=v2T Fp=12T 2
A \/- R Wm.u..‘ - ;{.'“;tl'] - frfg
. Mg  Wuy &3
Fe=T = S + 3

Vo = 120 ) | - e
Wiae = 2T — Mg

From statics at B Wy = 67.7 kN (shear at B)

(b) Maxmaus Loan W THAT Ccax BE ADDED AT B puE 1o

2
Ta AND Fpg 1N PiNs AT A, B, anp © Woa = Z{JMAM ~ Mg

PULLEY AT A Winaes = Thalypdpn — Mg
Fy Wigs = 129.1 kKN (bearing at B)
TA ™ T
L]

PuLiey ar C T=m,A,
DounLE sHEAR

Winass = -M
Fa=mA, VIT=1,4, =R = R
Mg Wom mads Wonges = {zra(zgd,,&)] — Mg
: ! V2
2 ( ) Wias =73 X 100 Woes = 73.1kN  (shearat ©)
Wat = —=| 7ohs | — Mg
V2 Woss = 20ndcdpc — Mg
2 ¥
| \;/E(Taz%dfﬂ') - Mg Wiae =190.7 kN (bearing at €)
Wonant =236
Mg T

Wiy =66.5kN  —
{shear al A controls)
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Problem 1.9-11
COMPRESSIVE STRESS IN SPAR

Py u-a%[df —d?) P, =34636k

Spar SHEAR STRESS IN PIN
Po= Tu( 2= d,})
Plate 4
NUMERICAL DATA P, = 10.21 kips < controls —

dr =350 dy =28in.
d, = 1in. f=05in.
o, = 10 ksi 7, = 6.5 ksi oy, = 16 ksi

Adouble shear

BEARING STRESS BETWEEN PIN AND CONECTING PLATES

P= U“m{ypﬂ Ps=16k

115
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Problem 1.9-12

NUMERICAL DATA

.
F5=3 +=340MPa 1, =F—;
d =5 mm
vVRI+RE
1, = ————— < pin at C in single shear

A,
R, = —Ccos (40"
a = 50 cos (40%) + 125

Ry = P+ Csin (407)
a = 163.302 mm

= 38 mm
Pia)
StaTics EMpin =10 C= b
Pla) = & . .
R, = —TCDSMU'} R, =Pl1+ Fﬁm{-ﬂ}'}
r s =
P I'I[—Ems{.m“) ! [1 + Liinpa®y | —r.a
\I b | h | aity
A, =—d?
- 4

116

;| — 113.333 MPa
Ta = s Ty = 333
Find P, .
Pm _ TaAs

-

f 2 2
.'I[—Ecns :-1{1“:] + [I + Esmmn*'r]

VL & b

Poax = 445N —

here % = 4247 < g/b = mechanical advantage

FIND MAXIMUM CLAMPING FORCE

a
Cuti = PmaxFS (E) Cuay=5730N =

Py = PounFS Puy = 1335
i:--'.lult

— = 4.297

Puh
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Problem 1.9-13

NUMERICAL DATA

3
d =—in. ay = 63 ksi FS,

64

o, = o, =34211 ksi

FS,

ory T .2
Wiy = 0339 —d”
e (Fs}.)(:t )

Wi = 0.305 kips ~ —

CHECK ALSO FORCE IN WIRE C[D)

S Fy=0 at Cor D

117

Forces v wires AC, EC. BD, ann FD

>Fy=0 atA.B EorF

Fy =

Wiy = 0.539 0, X A

5

224 57

W 2
W —

2 10

2
oo =2 )

()
= 5 2

less than Fa- s0 AC controls
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Problem 1.9-14

NUMERICAL DATA

A = 2180 mm’
f, = 12 mm d.= 16 mm fany = 6.4 mm
o, = 390 MPa Tu = 190 MPa

Oh =550 MPa  FS =25
g% _ T O
“" B % TS be ™ pg

MEMBER FORCES FROM TRUSS ANALYSIS

5 4 =

FBC =?P FCD =?P F['F= P
V2 4
— = 0471 Fro==P

3 3
Pljlow FOR TENSION ON NET SECTION IN TRUSS BARS
Aset =A — 2dtang  Agee = 1975 mm’
Apet
— = (.906

A
Falow = Fadper = allowable force in a member

s0 BC controls since it has the largest
member force for this loading
3 3
Pattow = ;Fﬂﬁ'max Pallow = E[«[‘rﬂ"’q‘ﬂ:lj

Potiow = 184,879 kN

Mexl, Py for shear in rivets (all are in double shear)

A, = Egd,z = for one rivet in DOUBLE shear
Fis _ _ - % .
" T4, N = number of rivets in a particular

member (see drawing of connection
detail )

3
Ppe= (E)fTaAsJ P = 55.0 kN
P 1( 3 )( A P 129.7 kN
cr=20 —= |7 cF = 129.
Va/

Prp =458 kN < < so shear in rivets in CG and CD
controls Py, here

3
Pep= 2(1):TuA'vJ Pep = 458kN =

Next. Pajyow for bearing of rivets on truss bars

Ap = 2dfyny < rivet bears on each angle in two angle
pairs
Fl'ﬂal
— = (rp, A
N bafip

Py = 81101 kN

Pep = 191,156 kN

3

Pop= Z(I)Rﬂ‘bﬂﬂ.ﬁ} Prp = 67584 kN
3

Pep = Z(I)degﬂj,} Prp = 67.584 kN

Finally. Pyuyow for bearing of rivets on gussel plate
A.ﬁ = ﬂrrfg

(bearing area for each rivert on gusset plate)

I, = 12mm < 2y, = 12.8 mm

s0 gusset will control over angles
3

Ppr = 3(5)(0‘&]&5] Ppr = 16.032 kN

Pep = 179209 kN

Prp = 6336 kN

Pep = 6336 kN

So, shear in rivels controls: Py, = 45.8kN
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Problem 1.9-15

NUMERICAL DATA 1 2
P, = [-é-d (arccos(s) - -—-V’a)]

d = 1.75 in. o = 12 ksi 25
(a) FormuLA FOR P, | IN TENSION ( ) 2
_ - arccos ;5-
From Case 15, Appendix E: - — 0587 7 _ 0.785
PR O 4 d G 4
YRRy U Mg P, =0, (0587d%) <«
@ : ; 0.587
a= MCGS(—) r=0.875in, a=0.175in, e () 748
i 0.785
aﬁ = 78.463° (b) EVALUATE NUMERICAL RESULT

d=175in. o, = 12ksi
P,=216k <

b= VF—F

119
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Problem 1.9-16

NUMERICAL DATA SHEAR AREA (DOUBLE SHEAR)
dy=60mm  d—32mm A= I(Edf) s TR
Ty = 120 MPa oy = 250 MPa
= NET AREA IN TENSION (FROM APPENDIX E)
F5,=12
dp\?

ALLOWABLE STRESSES A =12 =
Ta = FS! Tag = a ﬁ Ill'(_])z 3 (ﬂ):

oy ds 2L N2 2
Oy =—— o; =125 MPa arccos{ — | — 3

FS, d) di

d 2

From Case 15. Appendix E: r= Tl

Apee = 1003 mm”

ab Efz.lrz 2 v .
(u‘ = —1) & = Arc cos T arc {‘osd— P o in tension: smaller of values based on cither shear
F e 1 or tension allowable stress x appropriate area

Tia

A=2

b=V —d Py =14, P, =965kN < shear governs <«
Py =0 A, Pa= 1254 kN
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Problem 1.9-17

NuMmERICAL Data

oy = 60 ksi 7= 17 ksi Thae = 25 ksi

T = 13 ksi T = 20 ki F5,=125
3

dy = Ein. dyw = 1.5in. fpp = 1 in.

3
h=14in. b= 12in. d=6in. = gin.
W = 0.500 kips H=17(12) H =204 in.
L,= 10(12) Ly=1212) L, =120in.
Ly = 144 in.

ALLOWABLE STRESSES (ksi)
Ty = s o, =24 P
a FSu a a FS“
Th
T = 6.8 Tha = FSZ Thg = 10
Ty gy
= 30 —
Thy FS“ Thy Thywea FS“
T g = 20

Forces F anp R 1N TERMS OF Py

FH
F = proaxlaLy R= H
_ LLH
R = Py

{1) COMPUTE Pryay BASED ON NORMAL STRESS IN EACH BOLT
(GREATER AT B ann )

Bira W
_ _ BLLIE 2 LN
o= e, R ua(4db) 1
25
m 2 w
— i —
Uﬁ(‘i b ) 4
Proax] = L,_.L—{rhr
2h
Pouxl = 1198 psf = controls

(2) COMPUTE Py, BASED ON SHEAR THROUGH BASE PLATE
(GREATER AT B anp D)

W
R = Tu{'?f_dwrhpj - T

w
Tafqrdwiﬁp} = T

2h

Pmaxa = 36.5 psf

(3) COMPUTE Pryyx BASED ON HORIZONTAL SHEAR
ON EACH BOLT

E
1 ;
Th= T v Fm:m = 47.1}0(3'51.&_)
G b
4 b
_ Tlr(riﬂdbgj
P Lth

Pmms = 147.3 psf

{4} COMPUTE Py BASED ON HORIZONTAL BEARING ON
EACH BOLT

==

— Fioi = darift
o, (Copde) pro paltptdp)

_ Aopaliepds)
Proax4 L‘- L.l'i

Praxa = 130 psf

(5) COMPUTE Py BASED ON BEARING UNDER THE TOP WASHER
AT A (or C) AND THE BOTTOM WASHER AT B (Or [))

W
R+—
e 4
b= e . an
Wl 2
I[dw — dy’)
w W
Ropx = :rb“.ﬂh[dwz - dsz] S
T W
Uﬁw[jl:dwz = dbl}:| A
Pmmxs = L}'LhH
2h
Pmaxs = 30.2 psi
So, normalfstress in bolts controls; pra, = 11.98 psf
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Problem 1.9-18

The maximun allowable force P occurs when cos e has its
smallest value, which means that « has its larzest value.

LARGEST VALUE OF

d = diameter of rod AB

FREE-BODY DIAGRAM OF PISTON

The largest value of a occurs when point B is the farthest
distance from ling AC. The farthest distance is the radius R
of the crank arm.

Therefore,
BC=~R

Also, AC = VI2-R°

F = applied force (constant)

T_p2 Z
C = compressive force in connecling rod CO% ok = VLR — {1_(5)
RP = resultant of reaction forces between cylinder L \ L
and piston (no friction) (a) MAXIMUM ALLOWABLE FORCE P
EFJJDriz =07 Pajow = - A- COS &
wd®\ | Ry
P—Ccosa=0 =u""(T1\"]_E —

P=Ccosao
{(b) SUBSTITUTE NUMERICAL VALUES

Maxmusm COMPRESSIVE FORCE O IN CONNECTING ROD o, = 160 MPa d = 9.00 mm
Conax = 0 A R =0.28L R/A. = 0.28
in whichﬂA: = area of connecting rod Piii —BTIEN <«
ard”
Ac =T

MAXIMUM ALLOWABLE FORCE P
P = Coax CO5 &

= oA co5
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Problem 1.10-1

NUMERICAL DATA (b} MiNMUM DIAMETER OF TUBE (WITH HOLES)
P = 33Kips f=0.25in. oy = 12 Ksi -
Ay = F{dz—{d—zrjz;—z(—)rJ
(a) MinmMUM DIAMETER OF TUBE {NO HOLES) 4 N 10
_ W 2 _Fr L !
Ay = [d*~(d-2) ] 4 - A= d(wr = 5) — ot
A;=275in2 Equating A, and A- and solving for o:
-
Equating 4, and A> and solving for d: e w
d=—"—— d=40lin.
d = +t d=375in. <« ot
Tt 5

123
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Problem 1.10-2

NUMERICAL DATA Equate A and A> and solve for d:
oy = 290 MPa 64 i
;- i
P = 1500 kN d* =—| oy
s,
FS, =18 )
6,
(a) MINIMUM DIAMETER (NO HOLES) I /_4 p
, me | 9w | oy
m=Za(a-2Y] VooE,
4 4 :
7 i dmin = 164.6 mm «—
Ay = omd? o
P 3
Ay =— A3 =931 % 10° mm’
oy
FS,
i(b) MiNIMUM DIAMETER (WITH HOLES) p
Redefine A;—subtract area for two holes—then av

equate to As

- Efe-(o- )

7 |
Ay = —md? — —d?

64 40

of 7 | 7 |
Al=d(ar—ﬁ) G gy 03l dyo =

124
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Problem 1.10-3

NUMERICAL DATA

P=27k b =0.75in. fi=48in,
Ta = 13 ksi Tha = 19 ksi

(&) dmin BASED ON ALLOWABLE SHEAR—DOUBLE SHEAR

IN STRUT
F 15
T=—25  Fpe=—P
A.‘i
W n
A_;=2(Id‘)
q
5,
| a4

dmin = (.74 in. —

125

(b)) dpmin BASED ON ALLOWABLE BEARING AT JT C

15 P4
Bearing from beam ACH oy =
b
15 P/4 )
dmin T dmjn = 0711 in. —
by,
15
—i
Bearing from strut DC o, =
2—bd
8

P
oy =3 a (lower than ACE)
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Problem 1.10-4

NUMERICAL DATA
F =190 kN 7, = 90 MPa

f-= 16 mm

Ty = 150 MPa

fy = 20 mm

(1) dmin BASED ON ALLOW SHEAR—DOUBLE SHEAR
IN PIMN

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

(2} dpin BASED ON ALLOW BEARING IN GUSSET AND CLEVIS

126

PLATES
Bearing on gusset plate
F
o = — Ap = tud Apin = ——
¥ -’d‘b x it fg‘rba

din = 63.3 mm <controls <

Bearing on clevis A =d(21.)
F’
dmin a %oy, dmin = 39.6 mm
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Problem 1.10-5

P = 5200 1b F = 3.83858 P = 19,960.616 Ib < from plane truss analysis 7o = 12 ksi
(see Probs. 1.3-6to 1.3-12)
5
=3 in. 1, = 1125 in, f, = 0.625 in. 21,=1.25in. on = 1§ ksi

Pix DIAMETER BASED DN ALLOWABLE SHEAR STRESS (PINS IN DOUBLE SHEAR)

BE

2
dpy = | Fem 1.02% in. < controls tpin = 1.029in,

ok
Pix DIAMETER BASED ON BEARING BETWEEN PIN AND EACH OF TWO END PLATES <0 21, is greater than 1, so gusset will
control
For: ;
tdyp = 5——= 0887 in.
Mty

Pin DIAMETER BASED ON BEARING BETWEEN PIN AND GUSSET PLATE

Frr
dy3 = —2 = 0,986 in.

TatFpy,

127
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Problem 1.10-6
W = 8kN

i 1250Pa T 80MPa
Cut cable - use FBD of OABC to find cable tension T
'? '\_"‘ A
- —_ w{ 222
— T@m) -W|—| s T-= T _9372EN
\ ] 25

E‘MO =0
25 +3
"\reqd . cr_ = 74 978 -mm

Required cross sectional area of cable
a

Reaction force at O - use FBD of OQABC

YF, =0

\u
' = 8.636-mm

dg = dp

Diameter of pins at B and D (in double shear)

128
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Problem 1.10-7

W = 17001bf o, = 18ksi T, = 12ksi Assume single shear in pins

a) Cut continuous cable - use FBD of OABC to find cable force T then use allowable nomal stress to find Al,eqd

8 8 i (158
Mg = 0 T.(i (5) + T{ —— |-(108) = W{ — |
L 2 2 2 X *l I'\ 2
55 s y10° + 8" )
- ljl’rJ
|2 £ i
T = . ‘ 5 =1215.798.1bf 50 ‘L\reqd = ; =0.0675-m"
(5ft) + | ——— 1-(105) :
~ = 3 al
e o 10 +8~)

b) Find resultant force at each pin location, then find reqd pin diameter assuming single shear

— =0.35%-1n
=

Pins at A and B: dB - dl_j,L d‘q -

A |+

23
T-l

Pin at O - find reactions at O then resultant force - use lower FBD of OABC; assume single shear in pins

(s 10 )
¥F, = 0 - T + = 1593.75-1bf
X ROK : 3 = = = . 2
Wetss® |&?+10?)
(8 5 )
XF, = 0 Rgy = W-T + = -90.497-bf
. o g . b ¥
82 es? &2 s 10
( 2 2‘|
L .

d~ =
- ™ Ta

Fin at D - use resultant of continuous cable forces from A and B

AT (8
Bay = :{tanl.g | = 57.995-deg Bg = atan - | = 38.66-deg
D, = —T-(cos{8,, ) + cos|Bg, || = —1593.75-Ibf
D, = T-{sin{B,) + sin(Bg,)) = 1790497 Ibf

"+ Dy =2397.065 Ibf s0 dp =

129

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Mechanics of Materials Enhanced Edition 9th Goodno


https://textbooktestbanks.com/products/9780357377840-solutions

Problem 1.10-8

{a) MiNMUM REQUIRED AREA OF TIE

\F ’fF F = tensile force in cable
above tie T Pecotd
Amin = ==
g/ B g P =tensile force in cable Tallow  Tallow
f \ below tie
: : (b} SUBSTITUTE NUMERICAL VALUES:
A Fanow = allowable tensile
Tie “ stress in the tie P =130kN 8 =75"
5 ations = 80 MPa

A, =435 mm® +—

FREE-BODY DIAGRAM OF HALF THE TIE

Mote: Include a small amount of the cable in the free-body
diagram \I
T = tensile force in the tie i +

f F FORCE TRIANGLE

130
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Problem 1.10-9

T = tensile force in cable

W = weight of steel tube

d = diameter of pin

b, = inner dimension of tube
=8.5in

b, = outer dimension of tube
= 10.0 in.

L = length of tube = 20 {1
Tallow — B.TOH psi
orp = 13,000 psi

WEIGHT OF TUBE

vy = weight density of steel
= 490 Iv/ft’
A = area of tube

= B — B} = (100in.)* — (8.5in.)?
= 2775 in.

131

W = y, AL

11t
FEaTh sl ——— g
(490 IbATHW27.75 in. }( 24 in. )[..D fl)

[.839 Ib

DNAMETER OF PIN BASED UPON SHEAR

Double shear.  27uiow Apin = W

b |
ad-

208,700 psi
_

)= 1889 Ib

4 =0.1382in° 4, =0372in.

DiAMETER OF PIN BASED UPON BEARING
oulbs —b)d=W

(13,000 psi10.0in. — B.5in.) d = 1.889 1b
dr = 0.097 in.

MiNMUM DIAMETER OF FIN

Shear governs. dg, = 0372 in
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Problem 1.10-10

ALLOWABLE SHEAR AND BEARING STRESSES STATICS TO FIND CABLE FORCE T

r—GOMPE &, — D0 MPa 2Ma=0  W3sin(30) — T(Scos(307)) +
T(5sin(30) =0

FIND INCLINATION OF AND FORCE IN CABLE, T : - . -
substitute for T and Ty in terms of T and solve for T:

let & = angle between pole and cable at C; use law

of cosines % W
; - T
ne = .U.’I5~ + 42 — 2{5]{4}{.‘05(I20L) = 3
180 T'sinﬁﬂ':|+ — cos(f)

T=153%10°N  T.= Tcos®)
T,=Tsini) T,=127%10°N T,=8461IN

52+ DO — 4
DC=T78lm o= arccns[—_]
2DC(5)
o = 26.33° =60 — w

§ = 33.67 <ange between cable and horizontal (1) dyi, BASED ON ALLOWABLE SHEAR—DOUBLE SHEAR AT A

at 13
W =230 ke(9.81 m/sT)  W=2256 % I°N A=, A=T+W
CHECK SHEAR DUE TO RESULTANT FORCE ON PIN AT A (2) dmin BASED ON ALLOWABLE BEARING ON PIN
Ry=V AL+ A2 R,=335X10°N by = 140mm 1, = 12mm
_ Ly = 6000 mm
Ry
e 2 MEMBER AB BEARING ON PIN
min
aT
V=(3) I
o, = —— Ap = 21t
4 b Ab b poled
dnin = 596 mm  <Icontrols <+ R4
dpjn = ——— dmin = 1.55 mm
Jpﬂk{fm

132
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Problem 1.10-11

F n'pDz
P="=
i 4n

Ap = area of one bolt =4Edf

P = Guiow Ap

P apD’  pD*

f.r. = — = -

T Ay Gn®d] nd}

p=290psi D=100in.  dy=050in. . pD*
Ty
Fanowr = 10,000 psi n = number of bolts A atiow
F = (otal force acting on the cover plate from the I .
internal pressure SUBSTITUTE NUMERICAL VALUES:
. (290 psi)(10 in.)*
i B T i — =116
P 4 (0.5 in, )~ 10,000 psi)

Use 12 bolts €
NUMRBER OF BOLTS

P = lensile force in one bolt

133
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Problem 1.10-12

3liiZ
T

lF

:' | \3{]" d» = outer diameter
: bl ¥ |, = inner diameter
Lidazl i = wall thickness

= 15 mm

T = tensile force in a cable
= 110kN

LAl g Talow = 33 MPa

P = compressive force in post
= 2T cos 307

REQUIRED AREA OF POST
P 2Tcos 30°
A — =

T allow F allow

134

2T cos30°

AREA OF POST
w5 7. w 5
A=—ids — d7) = —[di—(dr—21
7 (@ — dh) =~ A—(da—211%)
= qri{dy; — 1)
EQUATE AREAS AND SOLVE FOR dh:
= ﬂf{(fg = f)

Fallow

2T cos30F
iy =——+1
1'ﬂ“-"ulh.w.r

SUBSTITUTE NUMERICAL VALUES:

(d7)min = 131 mm —
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Problem 1.10-13

L,=22fti L,=10ft d = 14ft W = 85kip o, = 9lksi FS, =4
Geometry
Li¥ s e =I5 L2l d
0 = acoy| —M8M8M8M8M8 — 0= 19.685 - deg 3 = acos| = 28,138 - deg
T A SEETE N
L
o = asin : -5in{0) | = 47.823 - deg o = 180deg — o= 132177 - deg
flawd o4} o)
C.G. of panel dy =|——=— | — e 8751t dy = - ——=525ft
- 2 b @ 2 2
HC = de - L;J -2:Ly-d;: cos(a) = 17.148 fi HC must be vertical line
3 ) 3N f ] 3 )
o [Ly"+ HC -dy
By = acoy| ————— | = 5919 deg 3 = acos) —————— | = 22.218 - deg
L 2.1;-HC | 2-L-HC
B=28.138- deg By + B»=28.138 - deg
Solution approach: find cable tensions then A_ = larger T/(g, /FS)
Statics sin{ B3
S Y E=0  Tysin(f) - Toosiny) SO T ——
sin( B)
H
ZF‘ =0 Ty - cos(By) + Ty - cos(By) = F and F = W/2
e . W =85 kip
s
SO T cos(|31) + — (Bl) -cos(@y) | = F
sin( B,)
W
si
15 = . : Ty = 34.078 - kip Ty = Tj- _n{ﬁl) T, =9.294 - kip
Sm(BlJ Sm(ﬁz)
cos(B;) + — - cos(31)
sin(B,)
Compute required cross-sectional area
o, =91 -ksi FS, =4 T 2275 ksi
u . & ]_Z‘Su s |
Tl >
A= A =1498-in < Table 2-1
Tu use nominal diam. 2.00 in. with area = 1.92 in2
ES

(or perhaps1.75 in. with area = 1.47 in2)
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Problem 1.10-14

d = 250 mm

P =T50kN
Tatiowe = 23 MPa (compression in column)
t = thickness of column
D = diameler of base plate

o, = 11.5 MPa (allowable pressure on concrete)

{a) THICKNESS [ OF THE COLUMMN

PR P &
T allow 4

Lid — wp?
4( )

= %m:;m — 1) = atd — 1)

aild — 1) =
Tallow

P
i — mid + =0
TFallow

. P
= —td + =10 (Eq. 1)

T 3 lowe

SUBSTITUTE NUMERICAL VALUES 18 Eq. (1)

; (750 % 107 N)
r— 2501 + —2 =
(55 Nfmm~)
(Mote: In this eq.. f has units of mm.)
£ — 2501 +4,340.6 = 0
Solve the quadratic eq. for 1:
= 1877 mm

Use = 20 mm —

fmin = 8.8 mm —

(b} DiameTER [} OF THE BASE PLATE
For the column, Paliow = anaw A

where A is the area of the column with f = 20 mm.

A = atid — 1) Paliow = Tapow whd — 1)

TTD:! = ‘Paﬂuw

Area of base plate =
; o

wD? 22! allowTHd — 1)

4 oy
= 3 dionld — 1)
g
4(55 MPa) 20 mm)(230 mm)
a 11.5 MPa

[F = 88.000 mm”

Dmin = 297 mm «—

D = 296.6 mm
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Problem 1.10-15

sl opr = 1038 ksi  OK—less than o rod is

L=75(12) L=090in. Tac=4251b acceptable
o,=60ksi  FS,=3 &, = 0565 ksi o, = = oy = 20 ksi
FS,
50

T g=Adbikim:  Wa==15300 BEARING STRESS ON WASHER AT F

Tnr

3. .
dgc = Ell‘l. dﬂ = 1.0 in. Ty = T, 3 5
4_{53 — dpc)
(a) Finp FORCE 1IN ROD DF AND FORCE ON WASHER AT F
oy = 378 psi OK—less than op,y; washer is
L L "
We— + gl— acceptable -—
SMy=0 T, 2 2
B i L (b} Fivp NEw FORCE IN ROD BC—SUM MOMENT ABOUT A FOR
L— E) vrPER FBD—THEN CHECK NORMAL STRESS N BC and

BEARING STRESS AT B

—

Tpr = 286.458 Ib

IMy=0
NORMAL STRESS IN roD DF:
L
TDF TBC'L + TDF(L = —)
apFE = = 7 25
o2 B2 =
4 BC L
Tpm = 700 1b
REVISED NORMAL STRESS IN ROD BC: Original o m e ST TR
igina it
Ty structure —s -~
TR = T N o™ Steel rod,
2a ) " P
(4 ac” s dpc=1g in.-
opc; = 25.352 ksi exceeds o, = 20 ksi ' ’_7 L=T7511
S50 RE-DESIGH BC: ; = e s
0 RE-DESIGN ROD :A|-"— Wood beam st ngtrack D
! heam suppartin
d _ [T }-& ___________________
BCreqd ﬂ_— 1 £
\, — Ty “ e Ncw steel rod, dpyp = E N —s
_ "l L
dpcreqs = 021110, dperege X 16 = 3.38 g =500/t Wis=t7ath 5%
1
Msay 4116 = 1 in.  dycy = in. TRERERERNEREEE
Hk - New beam lo support equipment F|
RE-CHECK BEARING STRESS IV WASHER AT B: @ ]
I L | Washer, dp
Then ) £ 5 I {same al D
Cpp =7 5 T =924psi —,4'-;- above)
m 2 2 H
[—tdg — dgg }} ~ exceeds H,
4 Fha = 365 psi ¥
S0 RE-DESIGN WASHER AT B:
T [Toc2 | dac®  dprecs = 1.281 in.
req |' T reqd E
\ 3%
use 1 — 5/16inwasheratB: 1 + 5/16 = 1.312in. =
137
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Problem 1.10-16

SHEAR IN THE PIN

dz
Ps i 2T5Apjﬂ = 21’5(—]1- )

4
— 2(80 MPa;(E)(dE ;(L)
4 1000
= 0.040 7d” = 0.12566d° (Eq. 2)

BEARING BETWEEN PIN AND BAR

b ad=o| Pp=wuptd
1
= = (200 MPa)( 10} '+ 8| ey
b= 60 mm { a)( 10 mm )} ]'(1000)
b= 10mm ~20d (Eq. 3)

d = diameter of hole and pin
GraprH oF Egs. (1). {2). anp (3)

oy = 140 MPa
7s = 80 MPa P (kM)
ap = 200 MPa 100 -
UniTS USED IN THE FOLLOWING CALCULATIONS! 75 Teﬂ&{q,, Q,";‘ym‘-' ‘:;fﬁ- 2
FPisin kN S0 fmax______ A
erand 7 are in N/mm’ (same as MPa) Eq.3) !
b, t, and d are in mm 257 7 Eq.2) idm Eq.(1)
1] T T T T I| T T T

TENSION IN THE BAR 0 10 20 30 40
Pr = op(Net area) = o(ifih — d) (nﬂ-n}

= (140 MPa)(10 mm) (60 mm — d) (ﬁ) (a} PIN DIAMETER dy,

— 140 (60— @) Ea. 1) Pyr= Pgor 140060 — d)=2.04d

84.0
Solving, d,, = EYE mm = 24.7T mm —

(b} Loan Prax
Substitute d,, into Eq. (1) or Eq. (3):
P, =494 kN —
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Problem 1.10-17

8t — 10ft-sin(20d)
W = 1700Ibf T = 42001bf OOBD = 20deg + atan| S

=45.983.deg
\_ 10ft-cos(20deg)

Boap = 20deg + amn! 8ft — Sft-sin( Odeg)\_ n
\ Sft-cos(20deg)

73.241-deg

a) Maximum pemmissible load P if allowable force in cable is 4200 Ib - cut cables, use lower FBD of OABC

IM = ~W-cos(20deg)-7.5ft — P-15-cos(20deg) + T-sin(ElOAD)-Sft + T-sin(ElOBD] 10ft=0

T-sin(0g o p)-5ft + T-sin(Bngp)- 10ft — W-cos(20deg)-7.5ft

P = =2719.38-1bf
L 15ft-cos(20deg)
b) Given P. find cable force T then required pin diameters P = 2300Ibf T, = 10ksi
.15ft-cos o 7.co% 15
T P.15ft c?s(20(leh.) + W cosl(20cleg) ft — 3706.526.1bF
5ft-sin( BOAD_) + lOﬁ-sm(GOBD)
a = (8D — 20deg) — (0opp — 20deg) = 27.257-deg Rpy = (7 + T + 2T Trcos(o) = 7204 kip

Pin at D:

Pins at A and B:
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Problem 1.10-18

EN

4 i,
Qg =5— W = 8kN A, = 100mm™ T, = 80MPa
m

2.5—3-si \
6opp = 20deg + atan{ 2 ?111(20(leg) J =47.603-deg
3-cos(20deg)

bgy = Bopp — 20deg = 27.603-deg

— 1.5-sin(2 3
2.5 — 1.5-sin(20deg) ] _ 74,648 deg

6 = 20deg + atan 8i.=0 — 20deg = 54.648-deg
0AD ; ( 1.5.cos(20deg) wx 04D : :

Cut through cables, use lower FBD to find cable force T

resultant of distributed load = area under load (or
load on projected area)

— —.q~-(4.5m-cos — 10.572.
EMO: 0 Q dg (4.5m-cos(20deg)) = 10.572-kKN

1o | —

T-[sin(GOAD_]_]-(I.Sm) + T-[sm(eOBD')).(g,m) = W-(2.25m)-cos(20deg) + Q.M

4.5m- 2 o
W (22500 ci(20deg) .+ Q2T C0820dc8)
i 3 = 8.688.kN
(sin{BpAp))-(1.5m) + (sin(6npp))-(3m)

cable normal stress is

&, = 86.882-MPa

T

2
4 'I'a

Pins at A and B:

dg = da dy = =8.315-mm

3+

Pin at D - use resultant of continuous cable forces from A and B

{2.5 — 1.5-sin(20deg)
1.5-cos(20deg)

] = 54.648-deg

A

0 Ax = ateulk

2.5 — 3.sin(20d
Oy = atan( sing eg)] — 27.603-deg
3-cos(20deg)

i
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D, = —T-(cos(B5x) + cos(Bpy)) = —12.726 KN

Dy = T-[sm{em) ¥ Sin(BBx}) =11.112-kN

2 2
Dyes =Dy + Dy = 16.895.kN 50

141

© 2021 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Solutions Manual for Mechanics of Materials Enhanced Edition 9th Goodno


https://textbooktestbanks.com/products/9780357377840-solutions

Problem 1.10-19

LENGTHS OF BARS

Joint ©
T
Lyr=—— Lg-=1L
AC cos B BC
WEIGHT OF TRUSS
) ¥ = weight density of material
c - W = vlAycLac + ApcLpe)
= ?C p _ yPL ( 1 i | )
{ Tallow L5iI0Hcos§  tan @
vp =
PL (1 + cos#
_ _ =7 ( it ) Eq. (1)
T = tensile force in bar AC Fallow % 5in # cos @
C = compressive force in bar BC v, B L, and erypq are constants
P W varies only with #
S =0 T=— Gl
sin @ yPL )
p Letk = (k has unis of force)
i,
Ethr[z =0 Co=— allow i
tan @ w | + cos @ : :
— = ———— (Nondimensional) Eq. (2)
AREAS OF BARS k sinfcosd
T P
Agr = 2t -
Fallow Ualjow SIN a
C P
Apc = =
Tallow  Uallow tan #
Grars oF Eg. (2): (5in # cos @) 2Hcos @) (—sin §)
df — (1 + cos?@) —sin’@ + cos? @)
129 df sin’f cos’#
LA 1{ - —sin’f cos® § + sin"@ — cos® § — cos'P
k | sin? @ cos? @
,6 =
| SET THE NUMERATOR = (1 AND S0LVE FOR #:
3 | —sin’@ cos’@ + sin®) — cos®® — cos* =0
‘ Replace sin’fl by 1 — cos”#:
0 T ; —(1 — cos?B)cos’@) + | — cos*® — cos®@ — cos*P =0

3 De m@ 9‘}“

i Combine terms Lo simplify the equation:
ANGLE ( THAT MakEs Wy sinmvum 1
| —3cos’@=0 cosh=—0
Use Eq. (2) V3
1 + cosh P = 54.7° —

Letf=———""— .

eLf sin f cos @

]

e I

df
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